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a c t i v i t y of 9,9 - bishydroxymethylfluorene(21) was in a l l cases lower 
than that of C h l o r f l u r e c o l Methyl(9) i t v;as considered worthwhile to 
explore the s t r u c t u r e - a c t i v i t y r e l a t i o n s h i p s i n a s e r i e s of hydroxy-
methylated fluorenes with the object of producing a novel compound 
possessing enhanced morphactin-like a c t i v i t y -
The objects of the work described i n t h i s t h e s i s can therefore 
be stated as: 
1) 
11) 
The synthesis of a s e r i e s of d e r i v a t i v e s of 9,9 - bishydroxy 
methylfluorene(21) containing r i n g substituents and/or 
modified hydroxyl groups. 
A study of the h e r b i c i d a l a c t i v i t i e s of such compounds i n 
r e l a t i o n to t h e i r s t r u c t u r e . 
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ABSTRACT . .^ , _ 
S y n t h e t i c plant-growth r e g u l a t o r s d e r i v e d from f l u o r e n e - 9 -
cerboxyli'c a c i d ('morphfictins') a r e i n t r o d u c e d and t h e l i t e r a t u r e on 
them i s reviewed. S i m i l a r h e r b i c i d a l a c t i v i t y has been found w i t h 
9,9-bishydroxymcthii1 f l u o r e n e , a compound which can be obtained d i r e c t l y 
from the hydrocarbon f l u o r e n e . There f o l l o w s a d e t a i l e d r e v i e w of 
the c h e m i s t r y of f l u o r e n e and 9 , 9 - b i s h y d r o x y r a e t h y l f l u o r e n e . 
9 - S u b s t i t u t e d and r i n g - s u b s t i t u t e d d e r i v a t i v e s of t h i s d i o l 
have been s y n t h e s i s c d - a n d t h e i r c h e m i s t r y and b i o l o g i c a l a c t i v i t y a r e 
d i s c u s s e d . The hy d r o x y m e t h y l a t i o n of s u b s t i t u t e d f l u o r e n e s i s p o s s i b l e 
on a s r r . a l l s c a l e i n s u i t a b l e s o l v e n t s which do not s t a b i l i s e tho 
corresponding r a d i c a l a n i o n s . T h i s r a d i c a l anion formation,when i t 
o c c u r s , s e r i o u s l y reduces the y i e l d of hydroxymethylated product. 
A c e t o n i t r i l e as s o l v e n t and aqueous benzyltriraethylammonium hydroxide 
as base were found to be a p a r t i c u l a r l y u s e f u l system f o r t h e s e 
r e a c t i o n s . 
Methyl 2 - c h l o r o - 9 - h y d r o x y m e t h y l f l u o r e n e - 9 - c a r b o x y i a t e 
was found to be the most a c t i v e compound s y n t h e s i s e d . I t was concluc'cd 
t h a t a 9 - c a r b o x y l i c a c i d group i s r e q u i r e d f o r high a c t i v i t y . None of 
the compounds examined v^re found t o be more a c t i v e than ' c h l o r f l u r e c o l ' , 
the commercial product. 
1. INTRODUCTION 
1.1 MORPHACTINS 
The d i f f e r e n t f a c t o r s contributing to the growth and 
development of plants are controlled by a group of n a t u r a l l y 
occurring chemicals c o l l e c t i v e l y c a l l e d the phytohormones Some 
or a l l of these hormones act together in regulating the various 
growth processes. The natural growth control mechanisms can be 
i n t e r f e r e d with chemically by s e v e r a l d i f f e r e n t types of synthetic 
growth regulator, one c l a s s of which i s derived from fluorene - 9 • 
2 
carboxylic a c i d ( l ) . 
R 
(1) •^ 1 = R^ = H, R^ = CO^H (11) = R 2 = R3 = H 
(2) ^1 = CI, R^ = OH.R^  = CO^H (14) h = H, R^ = OH.R^ = CO^H 
(6) ^1 = R 2 = H, R^ = CN (15) = H ,R2= C I , R 3 = CO^Cl 
(7) \ = H, R^ = OHjR^ = CN (18) ^1 = H , R 2 / R 3 = 0 
(8) = R^ = H.R^  = ONO^  (19) = R 2 = H.R^ = CONH^ 
(9) = CljR^ = OHjR^ = CO^Hc (20) = R^ = H ,R3 = CI 
(10) = HjR^ = OHjR^ = CO^Bu" 
In 1953 Wain reported that fluorene - 9 - carboxylic a c i d ( l ) 
was a c t i v e in the tomato l e a f epinasty t e s t (a downward curvature of 
the l e a f p e t i o l e ) and Went's pea t e s t (the curvature of pieces of pea 
stem s l i t l o n g i t u d i n a l l y ) . A year later,Jones, Metcalfe and Sexton 
showed that t h i s compound i n h i b i t e d the geotropism of various seedlings 
(downward curvature of the roots under the influence of g r a v i t y ) . 
Furthermore they discovered that c e r t a i n d e r i v a t i v e s of t h i s a c i d , 
p a r t i c u l a r l y 2 - chloro - 9 - hydroxyfluorene - 9 - carboxylic a c i d ( 2 ) , 
were e f f e c t i v e at very much lower concentrations. 
S i m i l a r e f f e c t s were shown by N - 1 - n a p h t h y l p h t h a l a m i c a c i d 
(Naptalam, 3) and 2, 3, 5 - t r i - i o d o b e n z o i c a c i d ( T I B A , 4) T h e i r 





t h e s e a n t i g e o t r o p i c s u b s t a n c e s competed w i t h t h e phytohormone a u x i n 
or i n d o l e - 3 - a c e t i c a c i d (lAA, 5) i n i t s l a t e r a l t r a n s p o r t mechanism, 
a p r o c e s s which o c c u r s i n p l a n t s i n f l u e n c e d by g r a v i t y . W h i l s t these 
compounds have been shown to i n t e r f e r e w i t h the i n t e r n a l movement of 
a u x i n , i t seems u n l i k e l y , because of t h e i r s t r u c t u r a l d i f f e r e n c e s , t h a t 
they would compete f o r any h y p o t h e t i c a l i n d o l e a c e t i c a c i d t r a n s p o r t i n g 
s i t e . 
I t was subse q u e n t l y shown, i n 1960, by workers a t the Merck 
2 6 7 
B i o l o g i c a l R e s e a r c h L a b o r a t o r i e s , ' ' ' t h a t d e r i v a t i v e s of f l u o r e n e -
9- c a r b o x y l i c a c i d { l ) d e s i g n a t e d a s raorphactins, e x e r t e d a pov/erful e f f e c t 
upon the growth and development of h i g h e r p l a n t s . F u r t h e r r e s e a r c h l e d 
to the d i s c o v e r y of other r e l a t e d a c t i v e compounds, p a r t i c u l a r l y 9 -
c y a n o f l u o r e n e , 9 - cyano - 9 - h y d r o x y f l u o r e n e and 9 - f l u o r e n y l n i t r a t e 
( 6 , 7 , 8 ) . Two mor p h a c t i n s , methyl 2 - c h l o r o - 9 - h y d r o x y f l u o r e n e - 9 -
c a r b o x y l a t e C C h l o r f l u r e c o l Methyl, 9) and n - b u t y l 9 - h y d r o x y f l u o r e n e - 9 
c a r b o x y l a t e ( F l u r e c o l B u t y l , 10) were marketed a s commercial pro d u c t s i n 
9 
1965 ^. 
1.2 EFFECTS OF MORPHACTINS 
The e f f e c t s of morphactins on p l a n t s have been r e v i e w e d i n d e t a i l 
by S c h n e i d e r ^ ^ and Z i e g l e r ^ ^ . These a c t i v e compounds a r e absorbed i n t o 
the p l a n t v i a the l e a v e s and the r o o t s to be s u b s e q u e n t l y t r a n s l o c a t e d 
throughout the p l a n t system. They become a c t i v e i n the Uegetative apex and 
-2 -7 
m e r i s t e m a t i c t i s s u e s over a v e r y wide range of c o n c e n t r a t i o n ( 1 0 to 10 
mol.dm ) wit h o u t any t o x i c s i d e - e f f e c t s . I t i s a f e a t u r e of the 
morphactins t h a t they have v e r y l i t t l e e f f e c t on organs which a t the time 
of a p p l i c a t i o n a r e a l r e a d y d e v e l o p i n g . T h e i r major e f f e c t s a r e seen on 
new growth v/hich has developed a f t e r t r e a t m e n t . 
The appearance of symptoms i s slow but progressive. Development 
of the plant in general i s slowed down, growth of the main, a x i s i s 
suppressed and branching occurs. However, the l a t e r a l shoots which are 
produced are stunted as w e l l . The root system of the plant i s s i m i l a r l y 
a f f e c t e d . The normal geotropism of roots and phototropism of shoots 
are af f e c t e d too. When applied at the correct stage of growth, morphactins 
i n h i b i t the development of flowers or cause premature shedding of the buds. 
In c e r t a i n species, they can induce parthenocarplc f r u i t development i . e . 
f r u i t development without p o l l i n a t i o n . I t was because of t h i s fundamental 
act i o n on the morphogenesis of plants that these substances were given the 
name morphactins^'^(morphologically a c t i v e substances). 
The basic molecular skeleton of a l l e f f e c t i v e d e r i v a t i v e s i s the 
morphogenetically i n a c t i v e fluorene r e s i d u e ( l l ) which only becomes 
a c t i v e by the introduction of s p e c i f i c groups, e s p e c i a l l y carboxyl, f 
12 
into the - 9 - position . A s u b s t a n t i a l Increase in e f f e c t i v e n e s s i s achieves 
by s u b s t i t u t i o n of the second hydrogen atom i n position 9 - by hydroxy 
or chloro groups. A further increase i n a c t i v i t y occurs when halogen, 
e s p e c i a l l y chlorine, i s substituted into the 2 - position of the fluorene 
skeleton. I n addition to the free a c i d s , t h e i r e s t e r s , amides and s a l t s 
are a l s o p a r t i c u l a r l y a c t i v e . 
Another feature of the morphactins i s t h e i r remarkably low 
t o x i c i t y to warm blooded and other animal species (e.g. C h l o r f l u r e c o l 
9 
Methyl(9) LD^Q o r a l , acute (7 days) 5g/kg. for dogs ) . An important 
p r a c t i c a l advantage i s t h e i r lack of p e r s i s t e n c e . They are r a p i d l y 
metabolised in plants within a matter of days or weeks, so that a c t u a l 
residue problems are minimal. I n s o i l , degradation takes place within 
a matter of weeks with the p a r t i c i p a t i o n of microbes . This lack of 
persistence d i f f e r e n t i a t e s the morphactins from the majority of known 
synthetic growth regulators, the use of which are often associated with 
residue problems. 
Morphactins have two major a p p l i c a t i o n s , One i s i n 
chemically retarding growth, e s p e c i a l l y i n combination with maleic 
h y d r a z i d e ( i 2 ) . C h l o r f l u r e c o l Methyl(9) has a broad spectrum 
CH2CO2H 
of a c t i v i t y at higher dose r a t e s , e s p e c i a l l y i n the e a r l i e r stages 
of growth and w i l l control the broad leaved plants w h i l s t maleic 
hydrazide attacks the grasses , This i s p a r t i c u l a r l y u s e f u l where 
complete eradication of vegetation would cause erosion. The second 
use for morphactins, when mixed with phenoxyacetic a c i d d e r i v a t i v e s 
(e.g. 2,4 - dichlorophenoxyacetic a c i d ( 1 3 ) ) i s i n combating weeds in 
corn and grassland . By means of appropriate dosages, the weeds can 
ei t h e r be k i l l e d quickly or merely retarded so that they are overgrown 
by the crop and destroyed by lack of l i g h t . I n the e a r l y stages of 
crop production they w i l l protect the s o i l from drying out and erosion 
I n combination with these phenoxy growth reg u l a t o r s , morphactins show 
s y n e r g i s t i c e f f e c t s . The phenoxy growth regulators are thought to act 
as stimulants to c e l l d i v i s i o n and elongation, i n c r e a s i n g the plants 
s u s c e p t a b i l i t y to the morphactin. This synergism often r e s u l t s i n 
accelerated herbicide t o x i c i t y within the range of a c t i o n of the 
9 
phenoxy growth regulator , 
1.3 CHEMISTRY OF MORPHACTINS 
2 8 
Morphactins can be prepared by w e l l known procedures ' . 
E s t e r s and amides of 9 - hydroxyfluorene - 9 - carboxylic acid(14) 
can be obtained e i t h e r d i r e c t l y from the parent a c i d or v i a the 
intermediate 9 - chlorofluorene - 9 - car b o x y l i c a c i d c h l o r i d e ( 1 5 ) 
(Scheme 1 ) . 
AgQH 
p- to luene s u V p W u octA 
— ^ (14) Scheme 1 
The 9 - hydroxy - 9 - carboxylic acid(14) can i t s e l f be 
used as a s t a r t i n g material in order to make ring substituted 
d e r i v a t i v e s from i t d i r e c t l y (e.g. by halogenation or n i t r a t i o n ) . 
Substituted phenanthraquinones(16) o f f e r an a l t e r n a t i v e route. 
These compounds w i l l undergo a b e n z i l i c acid-type ot rearrangement on 
treatment v/ith a l k a l i to give the corresponding 9 - hydroxyfluorene -
9 - carboxylic acid(17) (Scheme 2 ) . 




Other fluorene d e r i v a t i v e s are obtained from fluorene - 9 • 
carboxylic a c i d ( l ) or from fluoren - 9 - one (18) ( f o r preparations 
see Chapter 2 ) . The 9 - cyanofluorenes(6) are prepared v i a the 9 -
carboxylic a c i d ( l ) by conversion to the amide(19) follo^i^ed by 
dehydration (Scheme 3 ) . The n i t r o e s t e r grouping i s introduced into 
the 9 - position of f l u o r e n e ( l l ) v i a the 9 - chloro d e r i v a t i v e 
(Scheme 4 ) -
10 
Scheme 3 
For example, reacting 9 - chlorofluorene(20) with s i l v e r n i t r a t e i n 
ethylene g l y c o l solution at 40*^ 0 gives 9 - f l u o r e n y l n i t r a t e ( 8 ) . 




(20) Scheme 4 
the corresponding substituted fluorenones(18) by r e a c t i o n with hydrogen 




1.4 OBJECTS OF RESEARCH 
13 In 1971 i t was found'""' that 9,9- bishydroxymethylfluorene(21) 
exhibited plant growth regulating a c t i v i t y s i m i l a r to that of 
C h l o r f l u r e c o l Methyl(9) (Tables 2 & 3, pages 75 & 76). The d i o l , which 
14 
was f i r s t reported by Stevens and Winch i n 1958, can e a s i l y be 
obtained i n high y i e l d from the base catalysed r e a c t i o n between 




There have been few general surveys of the chemistry of f l u o r e n e ( l l 
17 18 After Everest's e a r l y review Rieveschl Jnr. and Ray published a very 
comprehensive survey of the chemistry of f l u o r e n e ( l l ) i n 1938, Since 
19 
then, summaries have been published by Badger & Cook in Rodd's 
20 
'Chemistry of Carbon Compounds' and by Cla r i n ' P o l y c y c l i c Hydrocarbons'. 
More re c e n t l y , the r e a c t i v i t y of fluorene has been discussed by Moskowitz 
21 
and Mloque in 1968. 
Fluorene(Cj^^H^^,ll) i s a p o l y c y c l i c hydrocarbon(colourless 
l e a f l e t s , mp 116°, bp 293 - 295**) which was discovered by M a r c e l l i n 
^2 
(1) Rl 
(11) Rl = R2 
CO^H (18) Rl = H,R2/R3 = O 
(23) R l = R2 = H,R3 = Na 
22 
Berthelot i n 1876 . He I s o l a t e d i t from the anthracene o i l f r a c t i o n 
of coal t a r ( b o i l l n g range 270 - 310**). Berthelot was so impressed by 
the b e a u t i f u l v i o l e t fluorescence of t h i s compound that he named i t 
"fluorene". (This fluorescence was l a t e r shown to be due to .naphthacene(22) 
23 
present as an impurity; ) The hydrocarbon i s i s o l a t e d commercially from 
coal tar by means of i t s sodio-derivatlve(23) which i s formed on heating 
the t a r with sodium at 300** or sodium amide at 120-150**, and separated 
24 
by f i l t r a t i o n . Treatment of 9 - f l u o r e n y l sodium(23) with water then 
regenerates f l u o r e n e ( l l ) . 
2.2 SYNTHETIC METHODS 
The number of substituted d e r i v a t i v e s of f l u o r e n e ( l l ) v;hich 
can be synthesised by d i r e c t s u b s t i t u t i o n i s l i m i t e d by the pattern of 
r e a c t i v i t y shown by the hydrocarbon. Such syntheses w i l l be considered 
in d e t a i l i n Section 2.4 dealing with chemical properties; generally only 
2-, 7- and 9- substituted fluorenes are r e a d i l y obtainable by d i r e c t 
s u b s t i t u t i o n . 
13 
Fev7 general syntheses o f f l u o r e n e ( l l ) have been r e p o r t e d i n 
the l i t e r a t u r e but f o r t u n a t e l y t h e r e are a v a r i e t y o f methods a v a i l a b l e 
f o r making d e r i v a t i v e s of f l u o r e n o n e ( 1 8 ) ; r e d u c t i o n o f these d e r i v a t i v e s 
t o the corresponding f l u o r e n e s ( l l ) i s u s u a l l y s t r a i g h t f o r w a r d . The 
22 
hydrocarbon i s best obtained from coal t a r where i t occurs t o the 
25 
extent o f 1*6%. I t has been obtained by p y r o l y s i s o f acetylene ( 2 4 ) , 26 27 s u b s t i t u t e d diphenylmethanes (25) or 2 - m e t h y l d i p h e n y l s ( 2 6 ) . C a t a l y t i c 
cyclodehydrogenation o f diphenylmethane(25), dicyclohexylmethane(27) or 
28 
d i c y c l o h e x y l k e t o n e ( 2 8 ) w i t h p l a t i n u m - c h a r c o a l a t 300" a l s o gives f l u o r e n e 
( 1 1 ) . These r e a c t i o n s are suunaarised i n Scheme 7, 
H C = C H 
( 2 4 ) 
A Red Heat 
r:::' ( 2 6 ) 
Scheme 7 
F r i e d e l - C r a f t s r e a c t i o n s have been used w i t h s e v e r a l d i f f e r e n t 
s t a r t i n g m a t e r i a l s t o make f l u o r e n e d e r i v a t i v e s . The f i r s t p u b l i s h e d 





The method was l a t e r extended t o g i v e a b i s - s u b s t i t u t e d - 9 - p h e n y l f l u o r e n e ( 3 0 ) 





Fl u o r e n e - 9 - c a r b o x y l i c a c i d ( l ) can be prepared from benzene and e t h y l 
t r i c h l o r o a c e t a t e ( S c h e m e 10) o r a l t e r n a t i v e l y from b e n z i l i c a c i d ( 3 2 ) 
by c y c l o d e h y d r a t i o n w i t h aluminium c h l o r i d e . 
i)AlCl 
* C C l 3 C 0 2 E t 
Scheme 10 
S i m i l a r l y , benzoyl cyanide and benzene r e a c t t o g i v e 9-cyanofluorene(6) 
(Scheme 11); r e p l a c i n g benzene by toluene gives a methyl s u b s t i t u t e d 
9 -cyanofluorene(6). 
AICI 
3 > ^^.^^  
Scheme 11 
C r y s t a l l i n e o rthophosphoric a c i d w i l l dehydrate t r i p h e n y l 
c a r b i n o l ( 3 3 ) t o g i v e 9-phenylfluorene(34) i n h i g h yields^°(Scheme 12) 
Treatment o f 2,2'-dibromodiphenyl(35) and dibromomethane i n e t h e r . 
C P h ^ O H 
(33) Scheme 12 
31 w i t h sodium w i l l a l s o produce f l u o r e n e (Scheme 13) 
15 • 
( 35 ) 
^ C H o B r o — ^ 
^ ^ e ther 
Scheme 13 
F i n a l l y , t e t r a h y d r o f l u o r e n e ( 3 6 ) has been syntheslsed from indene(37) 
32 
by a diene a d d i t i o n of butadiene (Scheme 14). 
I 6 h r s . 
. Scheme 14 
I n d i r e c t syntheses v i a s u b s t i t u t e d fluorenones a r e much more 
v e r s a t i l e . The ketones are u s u a l l y reduced t o f l u o r e n e s w i t h z i n c , by 
b o i l i n g w i t h phosphorus and h y d r i o d i c a c i d , or by h e a t i n g t o a h i g h 
temperature w i t h hydrazine h y d r a t e . The f o l l o w i n g t h r e e methods are o f 
p a r t i c u l a r i n t e r e s t because they g i v e s u b s t i t u t e d f l u o r e n o n e s ( 1 8 ) where 
the s u b s t i t u e n t s w i l l be i n known p o s i t i o n s . These a r e : -
a) Heating the calcium s a l t o f d i p h e n i c a c i d s ( 3 8 ) (Scheme 15) 
CQ2-
( 3 8 ) 
Scheme 13 
16 
b) A Pschorr type s y n t h e s i s , i n v o l v i n g t h e d i a z o t i s a t i o n and 
subsequent c y c l i s a t i o n w i t h copper powder of 2-aminobenzophenones(39) 
or a l t e r n a t i v e l y o-aminodiphenylinethaneB (^0) (Scheme 16). 
•^^.^.^  o A 
1) N^NOz/Ha 
2) Cu. poujd^er 
Scheme 16 
2) Cu powder 
c) Dehydration o f 2-carboxybiphenyls(41) w i t h c o n c e n t r a t e d s u l p h u r i c 
34 
a c i d (Scheme 17). This method i s noted f o r t he good y i e l d s 





i f a second e u b e t l t u c n t i s i n the 3' p o s i t i o n ( i . e . i n the second 
r i n g ) two products(42 & 43) are ob t a i n e d ( e . g . Scheme 18). 
(^ 1) 
Scheme 18 
A r e l i a b l e method f o r making f l u c r e n o n e s i n v o l v e s t h e use o f 
phenanthraquinone d e r i v a t i v e s . Phenanthranuinone(16), which shows some 
s t r u c t u a l s i m i l a r i t y t o a l i p h a t i c <=<-diketones, w i l l undergo a b e n z i l i c 
a c i d type o f rearrangement when warmed w i t h aqueous a l k a l i t o g i v e 9-




i s e a s i l y o x i d i s e d w i t h loss o f carbon d i o x i d e t o f l u o r e n o n e w i t h aqueous 
a l k a l i a t 100° i n the presence o f a i r . A l t e r n a t i v e l y a l k a l i n e permanganate 
w i l l convert the quinone d i r e c t l y t o flu o r e n o n e . o-Halogenobenzophenones(44) 
w i l l e l i m i n a t e halogen a c i d a t h i g h temperatures t o form fluorenones 
(e.g. Scheme 20). This method, however has s e v e r a l disadvantages. 
HBr .^^.^^  
Scheme 20 
v i z . t h e y i e l d s are s m a l l , the i n t e r m e d i a t e s d i f f i c u l t t o prepare, and 
because of the hi g h temperatures r e q u i r e d , rearrangements can occur. 
Fluoranthenes(45) can be o x i d i s e d t o d e r i v a t i v e s o f f l u o r e n o n e - 1 - c a r b o x y l i c 
37 
a c i d (42) to g e t h e r w i t h some fl u o r a n t h e n e q u i n o n e ( 4 6 ) (Scheme 21) 
Scheme 21 
18 
Other syntheses of i n t e r e s t i n c l u d e the p r e p a r a t i o n o f 3-hydroxy-
f l u o r e n e - 2 - c a r b o x y l i c a c i d ( 4 7 ) from e t h y l 2 - ( l * ,3*-dioxo-2*-indanylraEthentjL) 
acetoacetate^^(48)(Scheme 22) and t h e 
CH=C 
C O ^ E t 
Scheme 22 
p r e p a r a t i o n of f l u o r e n e d e r i v a t i v e s from o<-indanone(49) v i a the Mannich 
39 
r e a c t i o n (Scheme 23) 
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2'3 STRUCTURE 
The s t r u c t u r e of f l u o r e n e i s as s h o w n ( l l ) . X-ray c r y s t a l l o g r a p h i c 
a n a l y s i s o f f l u o r e n e has e s t a b l i s h e d t h a t the t h r e e r i n g s o f the hydrocarbon 
are coplanar and t h a t the two benzenoid r i n g s are n o n - c o l i n e a r , being 
i n c l i n e d a t angles o f 78** t o t h e plane of sijr»imphrj^ (Y, f i g . l ) . 
f i g u r e s t o l e f t 
r e f e r t o bond angles 
f i g u r e 1 
f i g u r e s on r i g h t r e f e r 
t o bond l e n g t h s ^ j n p i c o 
metres(m, x 10 ) 
1183 
l 4 0 t 
19 
2,4 PROPERTIES 
42 Fluorene has a d i p o l e moment o f 0"62 Debye which i s assumed 
t o act along the plane of syrametry(Y f i g . l ) towards the r i n g and i s due 
t o t h e presence of the methylene group i n p o s i t i o n -9. The hydrogen 
atoms i n the 9 - p o s i t i o n can be removed by s t r o n g bases, thus f l u o r e n e 
43 
can be regarded as an a c i d i c hydrocarbon. The pKa o f f l u o r e n e i n 
d i j n e t h y l s u l p h o x i d e / e t h a n o l i s 21-0. I n t h i s r e s p e c t i f l u o r e n e i s s i m i l a r 
t o indene(50) and c y c l o p e n t a d i e n e ( 5 1 ) . The methylene group hydrogen atoms 
are p r o g r e s s i v e l y less a c i d i c i n the s e r i e s c y c l o p e n t a d i e n e , indene, f l u o r e n e 
(50) (51) 
This r e d u c t i o n i n a c i d i t y i n the s e r i e s i s presumably due t o the i n c r e a s i n g 
+1 i n d u c t i v e e f f e c t of t h e benzenoid r i n g s which reduces the i n h e r e n t 
p o l a r i s a t i o n o f the methylene C-H bonds. I n each case, the e x t r a s t a b i l i s a t i o n 
energy a v a i l a b l e by f o r m a t i o n o f the quasiaromatic carbanion(which i s 
a s s o c i a t e d w i t h 6 d e l o c a l i s e d iT e l e c t r o n s ) i s the d r i v i n g f o r c e i n t h e 
i o n i s a t i o n process(e.g. f l u o r e n e Scheme 2 4 ) . 
Scheme 24 
Fluorene c r y s t a l l i s e s from a l c o h o l i n c o l o u r l e s s l e a f l e t s ( m p 116") 
I t d i s t i l s a t 293* - 295"* and sublimes e a s i l y . I t i s v e r y s o l u b l e i n carbon 
d i s u l p h i d e , e t h e r and benzene, and i n s o l u b l e * i n water and l i q u i d ammonia. 
Fluorene w i l l form molecular complexes w i t h a v a r i e t y o f reagents i n c l u d i n g 
d i n i t r o b e n z e n e , t r i n i t r o x y l e n e , p i c r i c a c i d and t e t r a n i t r o n a p h t h a l e n e . 
20 
Fluorene e x h i b i t s a wide v a r i e t y o f r e a c t i o n s , i n some ways 
analogous t o b i p h e n y l ( 2 9 ) and diphenylmethane(25) i n the aromatic c h a r a c t e r 
shown by i t s benzenoid r i n g s , and s i m i l a r t o cy c l o p e n t a d i e n e ( 5 1 ) and indene 
(50) i n i t s behaviour as a weak a c i d . 
2.4.1 OXIDATION 
Fluorene can be o x i d i s e d t o f l u o r e n o n e ( 1 8 ) w i t h sodium dichromate 
44 
i n a c e t i c a c i d . Potassium permanganate w i l l o x i d i s e i t f u r t h e r t o 
p h t h a l i c a c i d ( 5 2 ) . Potassium h y p o c h l o r i t e w i l l o x i d i s e 2 - a c e t y l f l u o r e n e 
t o f l u o r e n o n e - 2 - c a r b o x y l i c acid(Scheme 2 5 ) . 
( 5 2 ) 
This simultaneous o x i d a t i o n of the methylene group t o a carbonyl group 
i s unusual; under comparable c o n d i t i o n s f l u o r e n e i t s e l f i s unchanged. 
Scheme 25 
45 
W i t h oxygen, f l u o r e n e forms a hydroperoxide ( 5 3 ) . T h i s 
peroxide i s a l s o thought t o be the i n i t i a l product i n the o x i d a t i o n 
of the 9 - f l u o r e n y l carbanion^^. 
• ^ ^ ^ . ^ . . ^ ^ — ^ 
(531 
F u r t h e r o x i d a t i o n o f the hydroperoxide(53) g i v e s f l u o r e n o n e ( 1 8 ) which 
can i t s e l f be o x i d i s e d by hydrogen peroxide t o f l u o r e n o n e peroxide(54) 
21 
T h i s peroxide rearranges when t r e a t e d w i t h a c e t i c anhydride and s u l p h u r i c 










O x i d a t i o n by removal o f the hydrogen atoms a t t h e 9 - p o s i t i o n o f 
f l u o r e n e can occur i n two steps t o g i v e f i r s t t h e c o l o u r l e s s 
*J,9'-bCfluorcujl (57) and then the orange-red 9,9'-tiftttorttn»jlidenc 
47,48,49^2gj^ Both these compounds can be o b t a i n e d by h e a t i n g f l u o r e n e 
w i t h lead d i o x i d e . 9,9'-6L-HucrcnijLticne ^^(58) i s a l s o obtained 
by h e a t i n g f l u o r e n e w i t h bromirie, 
c h l o r i n e or s u l p h u r , and by the a c t i o n o f methanolic potassium hydroxide 
on 9-bromofluorene or copper powder on ^^'^-Alti^Vorft-fVue^ene. 
22 
2.4.2 HYDROGENATION 
Fluorene can be hydrogenated w i t h h y d r i o d i c a c i d and red 
phosphorus t o g i v e decahydro- and p e r h y d r o f l u o r e n e s ^ ^ . The same compounds 
52 
are a l s o obtained by c a t a l y t i c hydrogenation under pressure , C a t a l y t i c , 
hydrogenation w i t h Raney n i c k e l r e q u i r e s temperatures o f 200^C and 
pressures of 150 atmospheres; t h e product i s a m i x t u r e o f t h r e e isomers o f 
perhydrofluorene . Recent i n t e r e s t i n p e r h y d r o f l u o r e n e s has been due t o 
the f a c t t h a t they rearrange when t r e a t e d w i t h anhydrous aluminium bromide 
at 0°C t o gi v e a l k y l adamantanes^^. 
A hexahydrofluorene has been e x t r a c t e d w i t h benzene from a * f a t ' 
c o a l , and at red heat t h i s compound undergoes dehydrogenation t o f l u o r e n e ^ ^ . 
The f a c t t h a t hydrogen i s g i v e n o f f a t h i g h temperature l e d t o the idea t h a t 
aromatj.c hydrocarbons i n c p a l t a r are formed i n the d i s t i l l a t i o n and are 
not the c o n s t i t u e n t s o f c o a l . I n f a c t the low temperature c a r b o n i s a t i o n 
o f c o a l gives a m i x t u r e of a l i p h a t i c and a l i c y c l i c hydrocarbons. The 
aromatic r i n g s of f l u o r e n e are s e n s i t i v e t o the a c t i o n o f sodium i n l i q u i d 
ammonia forming d i f f e r e n t h y d r o f l u o r e n e s depending on the c o n d i t i o n s . 
2.4.3. ELECTROPHILIC SUBSTITUTION IN THE BENZENOID RINGS 
I n e l e c t r o p h i l i c s u b s t i t u t i o n r e a c t i o n s , f l u o r e n e i s a t t a c k e d 
p r i n c i p a l l y a t the 2 - p o s i t i o n , but t h e r e i s o f t e n some 4-isomer produced 
as w e l l . I n most r e a c t i o n s a f u r t h e r s u b s t i t u e n t e n t e r s a t the 7 - p o s i t i o n 
and a m i x t u r e o f 2- and 2 , 7 - d i s u b s t i t u t e d f l u o r e n e s r e s u l t s which i s o f t e n 
d i f f i c u l t t o separate. T h i s m i x t u r e w i l l a l s o c o n t a i n t r a c e s o f 2,5-isomer 
d e r i v e d from the 4-isomer. The e l e c t r o p h i l i c s u b s t i t u e n t d e a c t i v a t e s i t s 
r i n g t o f u r t h e r s u b s t i t u t i o n g i v i n g r i s e t o 2,7- and 2,5-isomers i n preference 
t o any 2, 4 - m a t e r i a l ( e . g . f u r t h e r n i t r a t i o n o f 4-nitrofluorene(Scheme 27). 




2 - N i t r o f l u o r e n e i s obtained by d i r e c t n i t r a t i o n w i t h n i t r i c 
a c i d i n a c e t i c a c i d . ' A c e t y l n i t r a t e a t 30* g i v e s a m i x t u r e o f 
2 - n i t r o f l u o r e n e plus about 15% o f the 4 - n i t r o compound^^; these isomers 
58 
can be separated by chromatography . F u r t h e r n i t r a t i o n o f f l u o r e n e gives 
59 60 61 
a m i x t u r e of 2,5- and 2,7 d i n i t r o f l u o r e n e s . * * 2 - N i t r o f l u o r e n e can 
be reduced w i t h i r o n powder and h y d r o c h l o r i c a c i d , or p a l l a d i u m on cha r c o a l 
56 62 
and hydrazine hydrate t o g i v e 2-aminofluorene; * t h i s compound and i t s 
2 - a c e t y l d e r i v a t i v e are known t o be potent carcinogens. N i t r a t i o n o f 
2-aminof luorene gives mostly the 3 - n i t r o compound p l u s some o f the expected 
63 
2- a m i n o - 7 - n i t r o - f l u o r e n e . However, n i t r a t i o n o f the 2-aminofluorenone 
gives the 7 - n i t r o d e r i v a t i v e e x c l u s i v e l y . 
C h l o r i n a t i o n of f l u o r e n e gives a m i x t u r e o f 2 - c h l o r o f l u o r e n e plus 
some o f the 4-isomer and some m u l t i s u b s t i t u t e d p r o d u c t s . These isomers are 
d i f f i c u l t t o separate. 2-Chlorofluorene has been claimed t o have been 
produced i n hi g h y i e l d s by treatment of f l u o r e n e w i t h s u l p h u r y l c h l o r i d e ^ ^ . 
However, s e v e r a l workers have r e p o r t e d t h a t the y i e l d s claimed are not 
r e p r o d u c i b l e . Another d i s p u t e d claim, i s t h a t pure 2-chloi-ofluorene 
can be prepared by treatment w i t h c h l o r i n e gas, i n c h l o r o f o r m s o l u t i o n a t 0**, 
59 
i n the presence of i o d i n e or antimony p e n t a c h l o r i d e as c a t a l y s t . F u r t h e r 
c h l o r i n a t i o n y i e l d s 2 , 7 - d i c h l o r o f l u o r e n e and 2 , 4 , 7 - t r i c h l o r o f l u o r e n e ^ ^ ' ^ ^ . 
The best way of o b t a i n i n g pure 2 - c h l o r o f l u o r e n e i s from 2-aminofluorene 
using t h e Sandraeyer r e a c t i o n ^ ^ . T h i s method has been used t o c o n f i r m the 
o r i e n t a t i o n of the c h l o r o f l u o r e n e s which were i s o l a t e d from r e a c t i o n s 
i n v o l v i n g d i r e c t c h l o r i n a t i o n . Bromination o f f l u o r e n e g i v e s the usual 
m i x t u r e of 2- and 2 , 7 - d i s u b s t i t u t e d p r o d u c t s ^ ^ ' ^ ^ plus a t r i b r o m o f l u o r e n e ^ ^ . 
S u b s t i t u t i o n w i t h c h l o r i n e or bromine beyond the mono-stage gives 2,7-
dihalogeno d e r i v a t i v e s ; which can be i s o l a t e d i n t h e pure form by r e c r y s t a l l -
I s a t i o n . 
Fluorene can be sulphonated w i t h c h l o r o s u l p h o n i c a c i d i n c h l o r o f o r m 
s o l u t i o n a t 0*; the product i s the 2-sulphonic a c i d ' . The same compound 
i s obtained u s i n g s u l p h u r i c a c i d i n a c e t i c a c i d ^ ^ . Fluorene - 2,7-disulphonic 
a c i d ^ ^ i s formed when f l u o r e n e i s heated i n s u l p h u r i c a c i d at 100". 
24 
F r i e d e l C r a f t s a l k y l a t i o n r e a c t i o n s a r e temperature dependent. 
At s l i g h t l y e l e v a t e d temperatures the r e a c t i o n s g i v e 2 - a l k y l d e r i v a t i v e s , 
but a t higher t e r m p e r a t u r e s , m u l t i s u b s t i t u t e d p roducts a r i s e and isomer-
72 i s a t i o n s occur. F r i e d e l C r a f t s a c y l a t i o n r e a c t i o n s occur a t the 2 - p o s i t i o n 
W i th a c y l h a l i d e s , a m i x t u r e o f 2- and 2 , 7 - d i s u b s t i t u t e d products are 
f o m e d ; a c y l anhydrides are p r e f e r r e d f o r making pure 2 - s u b s t i t u t e d 
73 
products. The s t r u c t u r e s of the ketones produced have been proven by 
u s i n g the Beckmann rearrangement of the c o r r e s p o n d i n g oximes t o g i v e 
d e r i v a t i v e s of known amino compounds. Thus 2 , 7 - d i b e n z o y l f l u o r e n e dioxime 
74 
undergoes rearrangement t o 2,7-dibenzoylaminofluorene. T h i s compound was 
a l s o prepared d i r e c t l y by b e n z o y l a t i n g 2,7-diamino f l u o r e n e . 
C h l o r o m e t h y l a t i o n o f f l u o r e n e w i t h formaldehyde and hydrogen 
c h l o r i d e gives 2-chloromethyl£luorene, m e r c u r i s a t i o n a l s o occurs a t the 
2 - p o s i t i o n . ' 
9 - s u b s t i t u e n t s have v e r y l i t t l e d i r e c t i n g e f f e c t on the p o s i t i o n 
o f r i n g s u b s t i t u t i o n , f o r example, 9-carboxy, 9-bromo, and 9-acetylamino 
f l u o r e n e s are a l l n i t r a t e d a t t h e 2 - p o s i t i o n . A l s o 9 - f l u o r e n y l t r i r a e t h y l -
ammonium bromide, prepared from 9-bromofluorene a n d - t r i e t h y l a r a i n e , i s n i t r a t e d 
a t t h e 2- and 7 - p o s i t i o n s , T h i s l a c k o f i n f l u e n c e on t h e p o s i t i o n o f new 
e n t r a n t groups i s i n marked c o n t r a s t t o the i n f l u e n c e o f n u c l e a r s u t s t i t u e n t s 
on the r e a c t i v i t y of the 9 - p o s i t i o n . 
E l e c t r o n - d o n a t i n g s u b s t i t u e n t s are n o r m a l l y expected t o a c t i v a t e 
benzene r i n g s i n the ortho/para p o s i t i o n s . T h i s i s not the case w i t h 
f l u o r e n e , 2-acetaraido f l u o r e n e undergoes h a l o g e n a t i o n , and 2-hydroxy-
f l u o r e n e i s n i t r a t e d , i n the 3 - p o s i t i o n . However, 2,4-toluenesulphonamido-
49 
f l u o r e n e when n i t r a t e d gives a m i x t u r e o f the 1- and 3 - n i t r o d e r i v a t i v e s . 
H-S02-Ph-Me 
With a s u b s t i t u e n t i n p o s i t i o n 3-, f u r t h e r s u b s t i t u t i o n i s always a t the 
2 - p o s i t i o n since t h i s i s the moet r e a c t i v e . 
25 
E l e c t r o n w i t h d r a w i n g groups d e a c t i v a t e a benzene r i n g and 
consequently f l u o r e n e d e r i v a t i v e s possessing such s u b s t i t u e n t s undergo 
f u r t h e r s u b s t i t u t i o n i n the second r i n g a t p o s i t i o n 7 - ( c f . Naphthalene, 
b i p h e n y l , diphenylmethane). For example, 2 - n i t r o f l u o r e n e can be 
c h l o r i n a t e d t o g i v e 7 - c h l o r o - 2 - n i t r o f l u o r e n e . The e x c e p t i o n i s bromine, 
which under s u i t a b l e c o n d i t i o n s w i l l a t t a c k the 9 - p o s i t i o n . 
Fluorene d e r i v a t i v e s w i t h e l e c t r o n d o n a t i n g s u b s t i t u e n t s i n the 
2- and/or 7- p o s i t i o n u s u a l l y undergo f u r t h e r s u b s t i t u t i o n i n the 3- or 
6- p o s i t i o n s . 
Some work has been done on the e l e c t r o n i c charge d i s t r i b u t i o n i n 
78 
the aromatic r i n g s o f f l u o r e n e . The f i r s t attempt by Pullman used the 
LCAO method which gave t he r e s u l t s shown i n F i g u r e I I . T h i s c l e a r l y does 
not e x p l a i n the preference o f f l u o r e n e f o r undergoing 2 - s u b s t i t u t i o n s . 
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F u k u i , u s i n g a method c a l l e d ' f r o n t i e r e l e c t r o n d e n s i t y ' o b t a i n e d 
r e s u l t s which c o r r e l a t e w e l l w i t h e x p e r i m e n t a l r e s u l t s . F i g . I I I . 
2.4.4 S u b s t i t u t i o n a t the 9 - P o s i t i o n 
The a c i d i t y o f the 9 - p o s i t i o n , as e x p l a i n e d e a r l i e r (see page 20) 
i s due t o the aromatic chacter o f the r e s u l t a n t carbanion. The 9-methylene 
group i s a t t a c k e d by o x i d i s i n g agents and f r e e r a d i c a l s , and w i l l a l s o 
21 
undergo i o n i c s u b s t i t u t i o n . O x i d a t i o n has been d e a l t w i t h e a r l i e r 
(page 21 ) . I n carbon t e t r a c h l o r i d e s o l u t i o n under a s t r o n g mercury 
ar c lamp or i n d i r e c t s u n l i g h t , f l u o r e n e i s brominated by molecular 
80 
bromine t o g i v e 9-bromofluorene and 9,9-dibromofluorene- The l a t t e r 
compound i s an inte n s e s k i n i r r i t a n t which produces v e r y severe d e r m a t i t i s . 
81 
9-bromofluorene i s a l s o o btained from f l u o r e n - 9 - o l by c l a s s i c a l methods, 
82 
but i t i s best prepared by b r o m i n a t i o n o f f l u o r e n e u s i n g N-bromosuccinimide 
83 
or tetrabromophenol. 9 , 9 - D i c h l o r o f l u o r e n e i s o b t a i n e d by t r e a t i n g f l u o r e n e 
84 
w i t h phosphorus o x y c h l o r i d e and phosphorus p e n t a c h l o r i d e . 26 
I t can a l s o be obtained from f l u o r e n e and carbon t e t r a c h l o r i d e i n the 
presence o f benzyltrimethylammonium hydroxide and l i g h t . 9 , 9 - D i -
f l u o r o f l u o r e n e can be prepared from 9 , 9 - d i c h l o r o f l u o r e n e and hydrogen 
f l u o r i d e u s i ng mercuric c h l o r i d e as a c a t a l y s t , b ut i s u n s t a b l e . 
I o n i c s u b s t i t u t i o n s a t the 9 - p o s i t i o n are numerous and 
u s u a l l y i n v o l v e the 9 - f l u o r e n i d e i o n a c t i n g as a n u c l e o p h i l e . They 
occur under a l k a l i n e c o n d i t i o n s , when the 9 - f l u o r e n i d e anion produced 
can then r e a c t w i t h e l e c t r o p h i l e s such as halogen d e r i v a t i v e s , 
c arbonyl compounds or carbon d i o x i d e . 
Benzyl c h l o r i d e w i l l r e a c t w i t h f l u o r e n e i n the presence 
of potassium hydroxide, t o g i v e 9 , 9 - d i b e n z y l f l u o r e n e . I n a l c o h o l i c 
s o l u t i o n , f l u o r e n e condenses w i t h aromatic aldehydes t o g i v e 9-
a r y l i d e n e f l u o r ^ n e s . Using benzaldehyde, 9-ben2ylidenefluorevie (61) i s 
produced (scheme 28). r^uDk 
Scheme 28 
S i m i l a r l y , a l i p h a t i c aldehydes w i l l a l s o condense w i t h 
f l u o r e n e i n the presence o f potassium e t h o x i d e i n x y l e n e s o l u t i o n 
y i e l d i n g 9 - a l k y l i d e n e d e r i v a t i v e s . ^ ^ 
One i n t e r e s t i n g condensation of f l u o r e n e i s t h a t w i t h 
a c r y l o n i t r i l e , i n the presence o f c a t a l y t i c amounts of benzyl-
trimethylammonium hydroxide, t o y i e l d b i s - 9 , 9 - ( 2 ' - c y a n o e t h y l ) 
f l u o r e n e ^ ^ (62) (scheme 29). 
CNCHoCHo C H X H X N 
CHACHCN 
^^ .^^^^  
Triton B 
Scheme 29 
Other condensations i n c l u d e t h a t between f l u o r e n e and e t h y l 
o x a l a t e , i n the presence o f sodium, e f h b x i d e . H y d r o l y s i s o f the product 
e s t e r gives 9 - f l u o r e n y l g l y o x y l i c a c i d ^ ^ ( 6 3 ) . A s i m i l a r condensation 
occurs between f l u o r e n e and e t h y l formate y i e l d i n g 9 - f o r m y l f l u o r e n e ^ ^ ( 6 4 ) 
Both (63) and (64) e x h i b i t k e t o - e n o l tautomerism due t o the l a b i l i t y 
o f the 9-hydrogen atom. 
(63) 
E l e c t r o n - w i t h d r a w i n g groups i n the 9 - p o s i t i o n and i n the aromatic 
r i n g s increase the a c i d i t y of the 9-hydrogen atom. Both 2 - n i t r o and 
2 - c h l o r o f l u o r e n e are more a c i d i c than f l u o r e n e and w i l l undergo condensation 
react.ions more r e a d i l y . One o f the most a c i d i c hydrocarbons known i s a 
f l u o r e n e d e r i v a t i v e , f l u o r a d e n e (65) ( a l s o known as indeno [ l , 2 , 3 - j k ] 
fLuorene) which i s s u f f i c i e n t l y a c i d i c t o d i s s o l v e i n d i l u t e sodium 
hydroxide s o l u t i o n ; i t s pKa was found t o be 11. 
( 65 ) 
One condensation r e a c t i o n o f f l u o r e n e i s r a t h e r unusual, 
Fluorene i n the presence of potassium hydroxide w i l l condense v; i t h acetone 
t o g i v e 4-(9*-fluorenyl)-4-methylpentan-2-one (scheme 3 0 ) . When t r e a t e d 
w i t h hydrogen bromide i n a c e t i c a c i d , t h i s l a s t compound gives 1,1,3-
t r i m e t h y l - l , 1 0 b - d i h y d r o f l u o r a n t h Q n e which then can be aromatised t o 1,3-
dimethyl-fluoranChene^^(66) (CH3)2(<CH2-COCH3 
• {CH3)2CO 
H B r 
Se 3 0 0 
Scheme 30 
C H ^ C O ^ 
Fluorene r e a c t s w i t h m a l e i c a nhydride a t the 9-carbon atom 
92 
a f t e r 40 hours a t 210** t o g i v e 9 - f l u o r e n y l s u c c i n i c anhydride ( 6 7 ) . 
C H y C O ^ 
H - C O " 
(67) 
Fluorene w i l l undergo m e t a l l a t i o n r e a c t i o n s a t the 9 - p o s i t i o n . 
24 
For example, when melted w i t h potassium hyd r o x i d e or heated w i t h metals 
93 24 
such as l i t h i u m or sodium , the a p p r o p r i a t e 9 - f l u o r e n y l m e t a l d e r i v a t i v e 
i s formed. A l t e r n a t i v e l y , o r g a n o l i t h i u m compounds or metal amides may be 
used t o achieve m e t a l l a t i o n . The metal d e r i v a t i v e s can be used f o r many 
syntheses. They w i l l r e a c t w i t h carbon d i o x i d e , t o g i v e the 9 - c a r b o x y l i c 
acid(scheme 3 1 ) ; w i t h a l k y l h a l i d e s t o g i v e 9 - a l k y l f l u o r e n e s ; w i t h a c y l I i a l i d e t 
t o g i v e ketones; and w i t h carbonyl compounds t o g i v e a l c o h o l s . 9-Fluorenyl 
magnesium bromide can be prepared i n e x c e l l e n t y i e l d s by h e a t i n g f l u o r e n e 
COo ls ) 
Scheme 31 ^ 
, . ^ i . ^ 1 . 1 . u . J 94,95 9-F l u o r e n y l l i t h i u m i s i n x y l ene w i t h e t h y l magnesium bromide. 
r e a d i l y o btained from f l u o r e n e and n - b u t y l - l i t h i u m . These compounds, 
however, do not behave s i m i l a r l y . 9 - F l u o r e n y l magnesium bromide adds t o 
-unsaturated ketones by 1:2 a d d i t i o n , whereas 9 - f l u o r e n y l l i t h i u m 
r e a c t s by 1:4 a d d i t i o n 95 
As mentioned p r e v i o u s l y ( p a g e 2 7 ) ^ aldehydes w i l l condense w i t h 
f l u o r e n e i n the presence of sodium e t h o x i d e t o g i v e d i b e n z o f u l v e n e d e r i v a -
t i v e s . Using m o d i f i e d c o n d i t i o n s i t i s p o s s i b l e t o i s o l a t e the i n t e r m e d i a t e 
96 
a l c o h o l s . For example,fluorene i n d i m e t h y l s u l p h o x i d e w i l l condense with 




9 , 9 - b i s h y d r o x y i n e t h y l f l u o r e n e ( 2 1 ) . Such r e a c t i o n s are enhanced by 
e l e c t r o n withdrav/ing groups i n the 9 - p o s i t i o n . 
A no v e l method o f a l k y l a t i n g f l u o r e n e i n the 9 - p o s i t i o n i n v o l v e s 
h e a t i n g f l u o r e n e w i t h the a p p r o p r i a t e a l c o h o l a t 230** under pressure i n 
the presence o f a l k a l i metals. The mechanism i s complex but the y i e l d s 
97 
are v e r y good. (Scheme 32) /^LJD 
H R 
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Some miscellaneous r e a c t i o n s of f l u o r e n e i n c l u d e t h a t w i t h 
d i a z o a c e t i c e s t e r t o gi v e a compound'^hic'- on h y d r o l y s i s and d e c a r b o x y l a t i o n 
98 
s u f f e r s r i n g enlargement t o form 1:2 benzazulene (68) (Scheme 3 3 ) . 
When fluorenone i s t r e a t e d w i t h methyl magnesium i o d i d e , 9 - m e t h y l f l u o r e n -
9-ol i s o b t a i n e d . 
CHN2Cn2Et > 
Comlert&aUon. 
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which on d e h y d r a t i o n by a number o f methods g i v e s u n s t a b l e 9-methylene-
f l u o r e n e or dibenzofulvene. The product can be i s o l a t e d i n c r y s t a l l i n e 
form a f t e r b r o m i n a t i o n f o l l o w e d by de-bromination i n the dark, w i t h z i n c 
The f u l v e n e can a l s o be obtained from 9 - f l u o r e n y l m e t h y l u r e t h a n e by 
d i s t i l l a t i o n v j i t h l i m e . 
30 
9 - H e t h y l f l u o r e n - 9 - o l can be dehydrated by b o i l i n g w i t h g l a c i a l a c e t i c 
a c i d , tthen the r e s u l t i n g s o l u t i o n i s hydrogenated w i t h Adams c a t a l y s t , 
9-methylfluorene i s obta i n e d . 
9-Phenylfluorene(34) can be obt a i n e d by a v a r i e t y of condensation 
r e a c t i o n s . I t i s formed when tr i p h e n y I c h l o r o r a e t h a n e i s heated, and when 
triphenylmethane i s heated w i t h potassium. Other methods i n v o l v e 
d e h y d r a t i n g t r i p h e n y l c a r b i n o l by h e a t i n g w i t h phosphoric a c i d ; t r e a t i n g 
9 - h y d r o x y f l u o r e n e ( 6 9 ) w i t h phosphorus pentoxide i n benzene(Scheme 34) or 




t r e a t i n g 9-chlorofluoreneC70) w i t h aluminium c h l o r i d e i n benzene s o l u t i o n . 
I t can a l s o be made by reducing 9 - p h e n y l f l u o r e n - 9 - o l ( 7 1 ) w i t h z i n c and 
99 
hydrogen c h l o r i d e / a c e t i c a c i d . 9 - P h e n y l f l u o r e n - 9 - o l , an analogue o f 
t r i p h e n y I c a r b i n o l can be obtained from f l u o r e n o n e by the a c t i o n o f phenyl 
magnesium bromide or by o x i d a t i o n of 9-p h e n y l f l u o r e n e w i t h sodium dichromate 
i n a c e t i c a c i d . The a c t i o n of phosphorus p e n t a c h l o r i d e , a c e t y l c h l o r i d e 
or gaseous hydrogen c h l o r i d e on 9 - p h e n y l f l u o r e n - 9 - o l gives 9-phenyl-9-
c h l o r o f l u o r e n e , which l i k e t r tphenylchloromethane i s c h a r a c t e r i s e d by the 
m o b i l i t y of i t s c h l o r i n e atom. When heated w i t h copper powder i n benzene 
s o l u t i o n , 9 -phenyl-9-chlorofluorene gives 9 , 9 ' - d i p h e n y l - 9 , 9 ' - d i f l u o r e n y l 
which i s analogous i n s t r u c t u r e t o hexaphenylethane but i s c o n s i d e r a b l y 
more s t a b l e . 9-Phenyl-9-chlorofluorene absorbs oxygen i n s o l u t i o n t o 
g i v e b i s - 9 - p h e n y l f l u o r e n y l peroxide. 
31 
9-Formylfluorene, as mentioned e a r l i e r (page 2 7 ) , can be 
obtained from the r e a c t i o n between f l u o r e n e and e t h y l formate i n the 
89 
presence of potassium e t h o x i d e . The oxime o f 9 - f o r m y l f l u o r e n e i s 
r e a d i l y converted by t h i o n y l c h l o r i d e i n t o 9-cyanofluorene, which on 
h y d r o l y s i s , gives f l u o r e n e - 9 - c a r b o x y l i c a c i d . T h i s a c i d can a l s o be 
obtained from 9-KjirftijFUnn-enp-9.car()oxjlic a c i d by r e d u c t i o n w i t h h y d r i o d i c 
a c i d and phosphorusj or by the a c t i o n o f aluminium c h l o r i d e i n benzene 
on b e n z i l i c acid; or a l t e r n a t i v e l y from benzyl c h l o r i d e and aluminium c h l o r i d e 
i n benzene s o l u t i o n by i s o m e r i s a t i o n . F l u o r e n e - 9 - c a r b o x y l i c a c i d i s 
r e a d i l y obtained from 9 - f l u o r e n y l magnesium bromide or from 9 - f l u o r e n y l -
95 
l i t h i u m by treatment w i t h carbon d i o x i d e . The methyl e s t e r can 
100 
s i m i l a r l y be prepared from 9 - f l u o r e n y l l i t h i u m and d i m e t h y l carbonate . 
The e s t e r i s a u s e f u l s t a r t i n g m a t e r i a l f o r the p r e p a r a t i o n of o t h e r 
f l u o r e n e d e r i v a t i v e s . I t forms a 9-sodio d e r i v a t i v e which r e a d i l y r e a c t s 
w i t h a l k y l h a l i d e s ; subsequent d e c a r b o x y l a t i o n o f the products g i v e s 
9 - a l k y l f l u o r e n e s . S o l u t i o n s o f the s a l t s of f l u o r e n e - 9 - c a r b o x y l i c a c i d 
decompose on s t a n d i n g t o g i v e f l u o r e n e , and i n the presence of a i r , 
. , 1 0 1 fluorenone. 
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3.DISCUSSION 
3.1 CHEMISTRY OF 9,9-BISHYDROXYMETHYLFLUORENE 
I n 1970 Hanson^^ became i n t e r e s t e d i n the p r e p a r a t i o n o f 
9,9-bishydroxymethylfluorene (21) from f l u o r e n e ( l l ) and paraformadehyde. . ' 
Subsequently, i n c o l l a b o r a t i o n w i t h Fisons L i m i t e d , Agrochemicals D i v i s i o n , 
i t was discovered t h a t t h i s compound e x h i b i t e d p l a n t growth r e g u l a t i n g 
13 9 a c t i v i t y s i m i l a r t o t h a t of t h e morphactin c h l o r f l u o r e c o l methyl ( 9 ) . 
Although the l e v e l o f a c t i v i t y was lower than t h a t o f t h e morphactin, 
• s ^ - " — (85) R j^ =R2=H ,R2=R^=CH20 • CO -NH • Ph 
\ (86) Rj^=R2=H,R^/R^ =-CH20-SO-OCH2-( 9 ) R =Cl,R„=H,R^=0H,R,=CO^6e 1^ 2 3 4 2 (87) Rl=R2=H,R^=R^=CH20•SO2•CH^ 
(11) R. ~Rrt "R r\ ""R /H 1 2 3 4 (88) Rj^=R2=H ,R^=R^=CH20 • SO2 ' C^ H^ Me 
(21) R j^=R2=H, R^=R^=CH20H (89) R^=R2=H,R2=CH^,R^=CH20H 
(76) ^1~^2~^'^3^^4~ ~ (90) R^=R2=H,R^=CH20H,R^=C02H 
(77) R^=R2=R3=H,R^=CH20H (93) R^=N02,R2=H,R^=R^=CH20H 
<:79) R =R-=H,R„=R =CH.0'C0-Me 1 2 3 4 2 (94) Rj^=Cl,R2=H,R^=R^=CH20H 
(80) R^=R2=H,R^=R^=CH20*C0*CH2C1 (95) R^=Br,R2=H,R^=R^=CH20H 
(81) R =R„=H,R,=R =CH^0*C0 Et 1 2 3 4 2 (97) Rj^=Cl,R2=H,R^=CH20H,R^=C02Me 
(82) R j^=R2=H ,R^=R^=CH20 • CO • nPr (98) R^=H,R2=N02,R3=R^=CH20H 
(83) R^=R2=H,R^=R^=CH20•CO'NH-Me (99) R^=H,R2=C02Me,R3=R^=CH20H 
(84) R =R-=H,R-=R =CH-0*CO*NH«Et 1 2 3 4 2 
i t was considered w o r t h w h i l e t o explore the s t r u c t u r e - a c t i v i t y 
r e l a t i o n s h i p s i n a s e r i e s o f hydroxymethylated f l u o r e n e s prepared i n 
the same way as(21) from a v a r i e t y o f s u b s t i t u t e d f l u o r e n e s . 
As mentioned e a r l i e r ( C h a p t e r 2, page 27 ) f l u o r e n e w i l l 
condense w i t h aldehydes i n the presence o f ba s i c c a t a l y s t s t o form 
dibenzofulvenes(72) (Scheme 3 5 ) . I t i s g e n e r a l l y accepted t h a t 
r e a c t i o n s of a c t i v e methylene compounds w i t h c a r b o n y l groups proceed 
through an ' a l d o l ' type of i n t e r m e d i a t e though no a l c o h o l s o f s t r u c t u r e ( 7 3 ) 
33 
(Scheme 36) have been i s o l a t e d from the condensation r e a c t i o n s o f 
96 
f l u o r e n e u n t i l r e c e n t l y . 
. R C H O £ M '^^^^^  ^ 
(721 
Scheme 35 
A l c o h o l s of type(73) have u s u a l l y been prepared by i n d i r e c t methods.-
While the fo r m a t i o n o f dibenzofulvenes from a r o m a t i c aldehydes i s 
r e l a t i v e l y easy, d i f f i c u l t i e s are encountered when a l i p h a t i c aldehydes 
are used as these u s u a l l y undergo s e l f c o n d e n s a t i o n under the i n f l u e n c e 
of the basic c a t a l y s t . 
H O C H R RCHOH 
COO 




Ghera & Sprinzak r e p o r t e d t h a t f l u o r e n e w i l l condense 
r e a d i l y w i t h aldehydes and some ketones i n p y r i d i n e s o l u t i o n i n the 
presence of benzyltrimethylammonium hydroxide(Scheme 3 6 ) . The h i g h 
r e a c t i v i t y o f f l u o r e n e under these c o n d i t i o n s , presumably due t o the 
presence of an ap p r e c i a b l e c o n c e n t r a t i o n o f carbanion a l l o w s low 
enough'temperatures t o be employed t o a v o i d d e h y d r a t i o n o f the a l c o h o l 
3A 
formed, which can thus be i s o l a t e d i n s u b s t a n t i a l y i e l d . I n the 
p r e p a r a t i o n of these a l c o h o l s ( 7 3 ) the i s o l a t i o n o f pure product was 
e a s i e r when f l u o r e n e was used i n excess, presumably, because f u r t h e r 
r e a c t i o n of the a l c o h o l w i t h aldehyde, t o form g l y c o l ( 7 4 ) , i s minimised 
96 
under these c o n d i t i o n s (Scheme 3 6 ) . I n some cases, t h e product was 
accompanied by a c o n s i d e r a b l e amount of l , l - b i s - ( 9 - f l u o r e n y l ) - a l k a n e ( 7 5 ) 
which a p p a r e n t l y r e s u l t s from the r e v e r s i b l e a d d i t i o n of f l u o r e n e to t h e 
dibenzofulvene(72) produced by d e h y d r a t i o n o f the a l c o h o l ( 7 3 ) . By 
u s i n g an excess of aldehyde, f l u o r e n e could be made t o r e a c t w i t h two 
96 
molecules o f aldehyde t o form the h i t h e r t o unknown, 9,9-bis-l*-hyd roxy-
a l k y l f l u o r e n e s ( 7 4 ) ( S c h e m e 3 6 ) . While u s u a l l y the yi-elds were poor, the 
r e a c t i o n of f l u o r e n e w i t h paraformaldehyde was remarkably easy, a f f o r d i n g 
9,9-bishydroxymethylfluorene(21) i n 30% y i e l d t o g e t h e r w i t h a resinous 
substance. The r e s i n p o s s i b l y r e s u l t s from t h e p o l y m e r i s a t i o n o f t h e 
diben2ofulvene(76) the l a t t e r b eing produced by d e h y d r a t i o n of the 
i n t e r m e d i a t e 9-hydroxymethylfluorene(77). 
Fluorene w i l l r e a c t s i m i l a r l y w i t h a number of ketones t o 
g i v e t h e corresponding t e r t i a r y a l c o h o l s . U n l i k e the r e a c t i o n w i t h 
aldehydes, the r e v e r s i b l e f o r m a t i o n o f these a l c o h o l s i s u s u a l l y not 
96 
complicated by side r e a c t i o n s . For example, w i t h acetone(Scheme 37) 
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Scheme 37 
I n 1967, Wesslen^^ r e p o r t e d an improved method of making 
9,9-bishydroxymethylfluorene(21) u s i n g d i m e t h y l s u l p h o x i d e as s o l v e n t , 
sodium ethoxide as c a t a l y s t , and a r e a c t i o n t i m e of o n l y t h r e e minutes 
a t 0**C; the y i e l d was' 70%(Scheme 38). 
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T h i s r e s u l t suggests t h a t the a b s t r a t i o n o f hydrogen from f l u o r e n e 
and from the I n t e r m e d i a t e 9-hydroxyraethylfluorene(77) by the p o o r l y 







s o l v a t e d ethoxide i o n s , proceeds v e r y r a p i d l y . The e x i s t e n c e o f 
t h i s method meant t h a t i t should be p o s s i b l e t o o b t a i n moderately 
l a r g e q u a n t i t i e s ( lOOg) of 9 , 9 - b i s h y d r o x y m e t h y l f l u o r e n e ( 2 1 ) w i t h -
out d i f f i c u l t y . S i m i l a r l y , i t should be p o s s i b l e t o perform analogous 
r e a c t i o n s u s ing r i n g s u b s t i t u t e d f l u o r e n e s and o b t a i n r i n g s u b s t i t u t e d 
9,9-bishydroxyraethylfluorenes i n s u f f i c i e n t q u a n t i t y («^10g) f o r 
b i o l o g i c a l screening t e s t s , 
• • 
I n i t i a l l y t h e r e f o r e , work v/as d i r e c t e d towards o b t a i n i n g 
moderately l a r g e q u a n t i t i e s o f 9 , 9 - b i s h y d r o x y m e t h y l f l u o r e n e so t h a t 
the s t r u c t u a l f e a t u r e s i n the molecule which a r e e s s e n t i a l f o r b i o l o g i c a l 
a c t i v i t y could be i d e n t i f i e d . However, t h e f r e e z i n g p o i n t o f d i m e t h y l -
sulphoxide i s 18** and i t was found impossible t o keep the r e a c t a n t s i n 
s o l u t i o n a t temperatures below 15®. At t h i s t e m p e r a t u r e , Wesslen's 
method produced the d i o l ( 2 1 ) i n lower y i e l d s than those claimed. I t 
was found t h a t t h e r e a c t i o n time was c r i t i c a l . Any i n c r e a s e i n the 
time beyond 2*5 minutes markedly reduced the y i e l d . The use o f a 
n i t r o g e n atmosphere t o prevent o x i d a t i o n o f t h e carbanion produced i n 
the r e a c t i o n d i d not appear t o have any e f f e c t on the y i e l d . I n 
g e n e r a l , the h i g h y i e l d c l a m e d by Wesslen c o u l d not be reproduced on 
a l a r g e scale. 
The most obvious f e a t u r e s i n the molecule o f 9,9-bishydroxy-
m e t h y l f luorene which might lead t o b i o l o g i c a l a c t i v i t i e s are the h y d r o x y l 
groups. A number of compounds, described below, were t h e r e f o r e synthesised 
w i t h the o b j e c t of i n v e s t i g a t i n g the r o l e o f these groups i n b i o l o g i c a l 
a c t i v i t y , 
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3 . 2 HYDROXYL MODIFICATIONS 
3 . 2 . 1 E s t e r s 
A s e r i e s of b i s e s t e r s were synth e s i s e d c o n t a i n i n g a c y l 
groups r a n g i n g from f o r m y l t o n - b u t y r y l . I t was hoped t h a t t h e 
g r e a t e r l i p o p h i l i c c h a r a c t e r of the e s t e r s , a s s o c i a t e d w i t h i n c r e a s i n g 
chain l e n g t h i n the a c y l group, would increase t h e ease o f p e n e t r a t i o n 
of t h e compound i n t o the p l a n t leaves v/here the e s t e r s . m i g h t be s l o w l y 
hydrolysed t o y i e l d the d i o l , B i s a c e t y K 7 9 ) b i s c h l o r o a c e t y l ( 8 0 ) b i s p r o p -
i o n y l ( 8 1 ) , and b i s - n - b u t y r y l e s t e r s ( 8 2 ) were prepared u s i n g the c o r r e s -
ponding a c i d c h l o r i d e s ^ as a c y l a t i n g agents. I n c h l o r o f o r m s o l u t i o n 
t h e y i e l d s were g e n e r a l l y v e r y good, i n t h e range 8 0 - 93% o f t h e o r e t i c a l 
The b i s f o r m y l e s t e r was prepared from t h e d i o l and p - t o l u e n e s u l p h o n y l -
chloride-dimethylformamide complex i n dimethylformamide i n 3 5 7 o y i e l d . 
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Attempts t o prepare t h e b i s t r i f l u o r o a c e t y l e s t e r u s i n g t r i f l u o r o a c e t i c 
anhydride were unsuccessful. Despite the use o f p y r i d i n e as c a t a l y s t and 
mol e c u l a r sieve t o prevent p o s s i b l e h y d r o l y s i s o f any p r o d u c t , o n l y 
9,9-bishydroxyraethyl f l u o r e n e ( 5 0 7 o recovery o f pure m a t e r i a l i d e n t i f i e d 
by i n f r a - r e d spectroscopy and m e l t i n g p o i n t ) was i s o l a t e d from t h e 
r e a c t i o n m i x t u r e . 
A c y c l i c carbonate could not be i s o l a t e d a f t e r t r e a t i n g the 
d i o l ( 2 1 ) w i t h phosgene^^^^ though a small q u a n t i t y o f an impure ca r b o n y l 
c o n t a i n i n g substance was o b t a i n e d ( i . r . s p e c t r a and t . l . c . ) along w i t h 
unreacted g l y c o l ( 2 1 ) , but was i n s u f f i c i e n t t o p u r i f y . 
I n view of the f a c t t h a t raaay carbamate e s t e r s e x h i b i t h e r b i c i d a l 
a c t i v i t y , a number of such compounds were prepared from t h e d i o l . T r e a t -
ment o f 9,9-bishydroxymethylfluorene i n d ry p y r i d i n e w i t h m e t h y l i e t h y l - ; 
p h e n y l - , and chlorophenyl isocyanates gave r e s p e c t i v e l y t h e b i s m e t h y l -
( 8 3 ) , b i s e t h y l - ( 8 4 ) , b i s p h e n y l - ( 8 5 ) , and b i s - 3 ' - c h l o r o p h e n y l carbamate 
e s t e r s . The y i e l d s were.in t h e r e g i o n o f 507,. 
3.2.2. Chloromethyl d e r i v a t i v e s 
Since many a c t i v e h e r b i c i d e s c o n t a i n one or more c h l o r i n e 
atoms per molecule i t was thought w o r t h w h i l e t o attempt t o s u b s t i t u t e 
c h l o r i n e atoms f o r the two h y d r o x y l groups i n 9,9-bishydroxymethylfluorene. 
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Heating the d i o l w i t h c o n c e n t r a t e d h y d r o c h l o r i c a c i d and 
anhydrous z i n c c h l o r i d e gave no r e a c t i o n ; t h e use o f anhydrous hydrogen 
c h l o r i d e gas and anhydrous z i n c c h l o r i d e i n dioxan a t 102* gave r i s e 
t o a b l a c k t a r which could not be s u c c e s s f u l l y p u r i f i e d . E x t r a c t i o n 
o f the t a r w i t h d i e t h y l e t h e r enabled unchanged d i o l ( i n s o l u b l e i n e t h e r ) 
t o be i s o l a t e d by f i l t r a t i o n . Gas l i q u i d chromatography of the f i l t r a t e 
I n d i c a t e d a m i x t u r e c o n t a i n i n g one major component. The i n f r a - r e d 
spectrum of t h i s f r a c t i o n showed the presence o f a c a r b o n y l group. I t 
was thought t h a t peroxides present as i m p u r i t i e s i n the dioxan may 
have i n i t i a t e d o x i d a t i o n o f the m i x t u r e . E v a p o r a t i o n of the e t h e r 
s o l u t i o n gave an o i l which could not be p u r i f i e d . 
The use of phosphorus p e n t a c h l o r i d e i n r e f l u x i n g carbon 
t e t r a c h l o r i d e s o l u t i o n gave a substance which was p u r i f i e d by column 
chromatography ar.d then r e c r y s t a l l i s e d t o constant m e l t i n g p o i n t . This 
organic compound was found t o c o n t a i n phosphorus and c h l o r i n e but proved 
impossible t o analyse s a t i s f a c t o r i l y f o r phosphorus. Mass spectroscopy 
i n d i c a t e d the m a t e r i a l had a molecular weight o f »5i3 but i t s s t r u c t u r e 
remains undetermined.. 
When the d i o l , i n s o l u t i o n i n c h l o r o f o r m , was t r e a t e d v / i t h 
t h i o n y l c h l o r i d e and p y r i d i n e a t 0°C, t h e c y c l i c s u l p h i t e 9 , 9 - s u l p h i n y l -
d i o x y r a e t h y l f l u o r e n e ( 8 6 ) was produced, i n 75% y i e l d . The s u l p h i t e s l o w l y 
l o s t sulphur d i o x i d e i n a i r . The parent d i o l could be regenerated by 
h y d r o l y s i s . 
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(86) 
B i s s i n g e r & Kung have s t u d i e d the use o f t h i o n y l c h l o r i d e t o 
c h l o r i n a t e a l c o h o l s and t h e i r work suggested t h a t the c y c l i c s u l p h i t e 
might r e a c t w i t h anhydrous hydrogen c h l o r i d e t o g i v e the corresponding 
b i s c h l o r o compound. However, t h i s method gave the parent d i o l , 
a p p a r e n t l y due t o moisture present g i v i n g r i s e t o h y d r o l y s i s . 
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M i l d c h l o r i n a t i n g agents such as those o f t e n used i n carbo-
hydrate chemistry were then i n v e s t i g a t e d . T r i p h e n y l phosphine i n carbon 
t e t r a c h l o r i d e gave a complex m i x t u r e o f pr o d u c t s . Methanesulphonyl 
c h l o r i d e u s u a l l y forms mesyl e s t e r s w i t h a l c o h o l s but i t has been used 
t o c h l o r i n a t e carbohydrates 107 However, when the d i o l ( 2 1 ) was t r e a t e d 
w i t h reagent, the corresponding bismethanesulphonyl e s t e r ( 8 7 ) was i s o l a t e d 
as expected. F i e s e r and F i e s e r ^ ^ ^ ^ r e p o r t e d t h a t t o l u n e - 4 - s u l p h o n y l ejkeri 
o f primary a l c o h o l s could be converted t o the corresponding c h l o r i d e s by 
r e a c t i o n w i t h p y r i d i n e h y d r o c h l o r i d e . The b i s t o l u e n e - 4 - s u l p h o n y l e s t e r 
o f 9,9-bishydroxymethylfluorene(88) was t h e r e f o r e prepared. Treatment 
of t h i s compound w i t h p y r i d i n e h y d r o c h l o r i d e i n d i m e t h y l formamide 
at 25** or 100" gave no product; s t a r t i n g m a t e r i a l could be recovered 
i n S5 100% y i e l d i n both cases. The f a i l u r e t o convert t h e h y d r o x y l 
groups t o c h l o r i d e groups was unexpected. Model b u i l d i n g r e v e a l s no c l e a r 
evidence o f s t e r i c hindrance t o the h y d r o x y l groups and the lack o f 
r e a c t i v i t y remains t o be ex p l a i n e d . 
3.2.3.Miscellaneous Reactions 
F i n a l l y i n t h i s s e c t i o n o f work, t h e e f f e c t s o f removal o f 
one h y d r o x y l group and a l s o o f changing the environment o f the h y d r o x y l 
groups s l i g h t l y were i n v e s t i g a t e d . To t h i s end, 9-hydroxymethyl-9-
m e t h y l f luorene(89) , 9 - h y d r o x y m e t h y l f l u o r e n e - 9 - c a r b o x y l i c a c i d ^ ^ ( 9 0 ) , 
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i t s methyl e s t e r , and 9 , 9 - b i s - l - h y d r o x y e t h y l f l u o r e n e (91) were 
synthesised. The monohydroxymethyl compound(89) was obtained i n 70% 
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y i e l d by t r e a t i n g 9-methylfluorene and paraformaldehyde w i t h sodium 
9^3 9^3 
HOCH CHOH 
ethoxide s o l u t i o n u s i n g hexamethylphosphoric t r i a m i d e as s o l v e n t . 
9-hydroxymethylfluorene-9-carboxyl-ic a c i d ( 9 0 ) was prepared by the method 
14 
of Stevens and Winch ; i t s methyl e s t e r was synthesised independently 
by condensation o f m e t h y l f l u o r e n e - 9 - c a r b o x y l a t e w i t h paraformadehyde i n 
a c e t o n i l e s o l u t i o n a t ,2** u s i n g aqueous T r i t o n B as base. Although these 
compounds bear a c l o s e resemblance t o ' f l u r e c o l * t h e y do n o t appear t o 
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be mentioned i n any patents r e l a t i n g t o t h e morphactins. The b i s -
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h y d r o x y e t h y l compound (91) was prepared from f l u o r e n e and acetaldehyde 
i n dimethylformamide s o l u t i o n u s i n g sodium e t h o x i d e as base; the y i e l d 
o b tained(12%) was somewhat b e t t e r than t h a t r e p o r t e d by Ghera and Spinzak 
who used p y r i d i n e as s o l v e n t . 
3.3 RING SUBSTITUTED DERIVATIVES OF 9,9-BISHYDROXYMETHYLFLUORENE 
3.3.1 2 - N i t r o - 9 , 9 - B i s h v d r o x y m e t h y l f l u o r e n e ( 9 3 ) 
Some r i n g s u b s t i t u t e d products o f 9,9-bishydroxymethylfluorene 
were prepared i n order t o i n v e s t i g a t e t h e e f f e c t o f r i n g s u b s t i t u e n t s 
g e n e r a l , and more s p e c i f i c a l l y o f c h l o r i n e ( s i n c e t h i s s u b s t i t u e n t occurs 
i n c h l o r f l u r e c o l ) on a c t i v i t y . 
2 - N i t r o f l u o r e n e was prepared by the method of D i e l s ^ ^ . 
T h i n l a y e r chromomatography showed t h i s m a t e r i a l t o be contaminated 
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w i t h both f l u o r e n e and 4 - a i t r o f l u o r e n e ; ' i t was t h e r e f o r e p u r i f i e d 
by chromatography on a column o f ba s i c alumina u s i n g 60-80** p e t r o l 
f o r e l u t i o n . I n i t i a l attempts t o b i s - h y d r o x y m e t h y l a t e t h i s compound 
at the 9 - p o s i t i o n gave r i s e t o s e v e r a l problems. The use o f the method 
p r e v i o u s l y employed f o r f l u o r e n e produced a m i x t u r e , as shown by t h i n 
l a y e r chromatography, o f what appeared t o be unreacted 2 - n i t r o f l u o r e n e 
and a hi g h m e l t i n g resinous product which c o u l d not be p u r i f i e d . I n 
view o f t h i s , p r o d u c t i o n o f the d e s i r e d product by d i r e c t n i t r a t i o n 
of 9,9-bishydroxymethylfluorene was i n v e s t i g a t e d . N i t r a t i o n o f the 
d i d u s i n g concentrated n i t r i c a c i d i n g l a c i a l a c e t i c a c i d a t 50" 
gave a complex m i x t u r e of products as i n d i c a t e d by t h i n l a y e r chroma-
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tography. I n f r a - r e d a n a l y s i s o f the o i l y product showed carbonyl 
groups t o be present which suggested t h a t a c e t y l a t i o n was o c c u r r i n g 
T h i s was supported by the s i m i l a r Rf va l u e s t o t h e a c e t y l d e r i v a t i v e . 
The h y d r o x y l groups o f the d i o l were t h e r e f o r e p r o t e c t e d by a c e t y l a t i o n ; 
subsequent n i t r a t i o n o f the b i s - e s t e r w i t h n i t r i c a c i d / s u l p h u r i c 
a c i d i n g l a c i a l a c e t i c a c i d a t 60** gave t he d e s i r e d nitro-compound 
i n low y i e l d . This method was improved by u s i n g a c e t y l n i t r a t e a t 
10* t o g i v e the nitro-compound i n 7 9 % - y i e l d . Removal o f the a c e t y l 
groups by h y d r o l y s i s then gave the r e q u i r e d n i t r o - d i o l i n s a t i s f a c t o r y 
y i e l d . 
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F u r t h e r attempts were made t o hydroxymethylate 2 - n i t r o -
f l u o r e n e . I t was e s t a b l i s h e d t h a t the d e s i r e d product c o u l d be 
obtained i n ver y low y i e l d from 2 - n i t r o f l u o r e n e by r e a c t i o n w i t h 
paraformaldehyde i n d i m e t h y l s u l p h o x i d e s o l u t i o n w i t h sodium e t h o x i d e 
as base at 25**. The y i e l d was improved t o 30% by u s i n g d i m e t h y l -
formamide as s o l v e n t and a r e a c t i o n temperature o f 10". However, 
the r e s u l t s were not r e p r o d u c i b l e . T h i n l a y e r chromatography o f t h e 
r e a c t i o n m i x t u r e showed t h a t s i x p r o d u c t s , t o g e t h e r w i t h much 
unreacted 2 - n i t r o f luorene were present. Using chromatographicollij pure 
2 - n i t r o f l u o r e n e i n hexamethylphosphoric t r i a m i d e , a smal l scale 
(^ I g . of 2 - n i t r o f l u o r e n e ) condensation gave t h e n i t r o d i o l i n 60% 
y i e l d . However, u s i n g once r e c r y s t a l l i s e d m a t e r i a l and a l a r g e r 
scale('55 lOg) , v e r y low y i e l d s were o b t a i n e d . 
The r e a c t i o n m i x t u r e was examined by e l e c t r o n paramagnetic 
resonance spectroscopy whereupon i t was e s t a b l i s h e d t h a t a s t a b l e 
r a d i c a l species e x i s t e d i n the 2 - n i t r o f l u o r e n e s o l u t i o n i n the v a r i o u s 
s o l v e n t s c o n t a i n i n g e t h o x i d e ions p r i o r t o the a d d i t i o n o f paraformalde-
hyde. I t was deduced from the spec t r a t h a t t h i s species was probably 
t h e 2 - n i t r o f l u o r e n o n e r a d i c a l a n i o n ( 9 2 ) . The species found was v e r y 
s t a b l e and was u n a f f e c t e d by a i r . Subsequently, i t was discovered 
t h a t t h e n i t r o d i o l could be prepared on a reasonably l a r g e scale a t 
0** using a c e t o n i t r i l e as so l v e n t and aqueous ' T r i t o n B' as base; 
( 9 2 ) 
The y i e l d was o f the order o f 70% and was r e p r o d u c i b l e . I t seems 
probable t h a t a c e t o n i t r i l e s t a b i l i s e s the anion a t the expense o f 
the r a d i c a l anion. 
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3.3.2 Halogen S u b s t i t u e n t s 
2-Chloro-9,9 b i s h y d r o x y m e t h y l f l u o r e n e ( 9 4 ) 
The f i r s t r o u t e t o 2 - c h l o r o - 9 , 9 - b i s h y d r o x y m e t h y l f l u o r e n e 
which was i n v e s t i g a t e d i n v o l v e d i n i t i a l c h l o r i n a t i o n o f f l u o r e n e 
f o l l o w e d by h y d r o x y m e t h y l a t i o n . However, the p r e p a r a t i o n o f 2-chloro-
f l u o r e n e by treatment o f f l u o r e n e w i t h s u l p h u r y l c h l o r i d e as r e p o r t e d 
by S t r e i t w i e s e r ^ ^ could not be accomplished. Closer examination o f 
t h e l i t e r a t u r e showed t h a t c h l o r i n a t i o n w i t h c h l o r i n e produced some 
4 - c h l o r o f l u o r e n e and 2 , 7 - d i c h l o r o f l u o r e n e besides the 2 - d e r i v a t i v e 
and t h a t the m i x t u r e could not be separated e a s i l y . The d e s i r e d 
2-chloro' compound was t h e r e f o r e prepared from the corresponding 
2 - n i t r o d e r i v a t i v e . The n i t r o d i o l was reduced u s i n g hydrazine 
and p a l l a d i s e d charcoal or hydrogen and p a l l a d i s e d c h a r c o a l . The 2-
amino-,9,9-bishydroxymethylf luorene thus produced was d i f f i c u l t t o . 
p u r i f y and was found t o d e t e r i o r a t e d u r i n g s t o r a g e . I t was t h e r e f o r e 
converted t o the c r y s t a l l i n e h y d r o c h l o r i d e s a l t i n which form i t c o u l d 
be handled w i t h o u t d i f f i c u l t v j . The pure h y d r o c h l o r i d e s a l t was d i a z o t -
i s e d w i t h n i t r o u s a c i d and converted t o the 2-chloro-9,9-bxshydroxy-
m e t h y l f l u o r e n e , u s i n g the Sandmeyer r e a c t i o n , i n 89% y i e l d , 
2-Bromo-9>9-Bishydroxymethylfluorene(95) 
Hydroxymethylation o f 2-bromofluorene, prepared by d i r e c t 
59 68 
br o m i n a t i o n o f f l u o r e n e , ' was accomplished smoothly i n 25% y i e l d 
u s i n g dimethylformamide as so l v e n t a t 2®. 
3.3.3 A c e t y l S u b s t i t u e n t s 
2 , 7 - d i a c e t y l - 9 , 9 - b i s h y d r o x y m e t h y l f l u o r e n e ( 9 6 ) • 
2-Acetyl-9,9-bishydroxymethylfluorene c o u l d not be prepared. 
2 - A c e t y l f l u o r e n e i n s o l u t i o n i n a c e t o n i t r i l e a p p a r e n t l y formed a r a d i c a l 
anion on treatment w i t h sodium eth o x i d e i n a manner analogous t o 2-
n i t r o f l u o r e n e . T h i s was confirmed by e l e c t r o n paramagnetic resonance. 
Hoii7ever, 2 , 7 - d i a c e t y l f l u o r e n e , i s o l a t e d as a by product i n the F r i e d e l 
C r a f t s a c y l a t i o n o f f l u o r e n e w i t h a c e t i c anhydride t o produce the 
2 - a c e t y l f l u o r e n e , r e a c t e d w i t h paraformaldehyde i n d i m e t h y l s u l p h o x i d e 





( 9 6 ) 
3 . 3 . 4 4 ' S u b s t i t u t e d D e r i v a t i v e s 
9 , 9 - b i s h y d r o x y m e t h y l - 4 - n i t r o f l u o r e r i e ( 9 8 ) 
4 - N i t r o f l u o r e n e was i s o l a t e d by column chroraotography 
from crude 2 - n i t r o f l u o r e n e prepared by the a c t i o n o f a c e t y l n i t r a t e 
on f l u o r e n e . This m a t e r i a l was t r e a t e d w i t h paraformaldehyde i n 
a c e t o n l t r i l e w i t h ' T r i t o n B* as base a t 0<* y i e l d i n g 4 7 % o f 
9 , 9 - b i s h y d r o x y m e t h y l - 4 - n i t r o f l u o r e n e . 
Methyl 9 , 9 - B i s h y d r o x y m e t h y l f l u o r c n e - 4 - c a r b o x y l a t e ( 9 9 ) 
T h i s compound was prepared from methyl f l u o r e n e - 4 - c a r b o x y l a t e 
u s i n g dimethylformamide as s o l v e n t and sodium e t h o x i d e as base, as 
des c r i b e d f o r the 4 - n i t r o compound. 
3 . 4 METHYL 2-CHL0R0-9-HYDROXYMETHYLFLU0RENE-9-CARBOyYLATE(97) 
Methyl 2 - c h l o r o f l u o r e n e - 9 - c a r b o x y l a t e , prepared by the method 
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o f S i e g l i t z and T r o e s t e r , r e a c t e d w i t h paraformaldehyde i n a c e t o n i t r i l e 
w i t h ' T r i t o n B* as base at 2° t o g i v e methyl 2 - c h l o r o - 9 - h y d r o x y m e t h y l -
f l u o r e n e - 9 - c a r b o x y l a t e i n 4 5 7 o y i e l d . 
3 . 5 BIOLOGICAT. SCREENING OF 9,9-BISHYDROXYMETHYLFLUORENE DERIVATIVES 
A summary of the compounds t e s t e d and the screens used i s shoxr.i 
i n t a b l e 1 (page 4 4 ) . The screening r e s u l t s are d i s p l a y e d i n t a b l e s 2 - 5 
(Appendix 1 page 7 5 ) . 
I n the h e r b i c i d e tests,Merck's ' c h l o r f l u r e c o l m e t h y l ' ( 9 ) was 
used as a comparipon. 9 , 9 - B i s h y d r o x y m e t h y l f l u o r e n e ( 2 1 ) showed s l i g h t 
h e r b i c i d a l a c t i v i t y i n the p r e l i m i n a r y ( P h a s e 1) post-emergent screen 
and moderate a c t i v i t y i n the pre-emergent screen. E s t e r i f i c a t i o n t o 
improve p e n e t r a t i o n i n t o t he p l a n t leaves by i n c r e a s i n g t h e l i p o p h i l i c 
c h a r a c t e r (compounds 7 9 - 8 2 ) reduced the a c t i v i t y i n the post-emergent t e s t . 
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COMPOUND SCREENS USED ACTIVITY 
methyl 2-chloro-9-hydroxyfluorene-9-
c a r b o x y l a t e ( 9 ) ( c h l o r f l u r e c o l m e t h y l ) H H 
9,9-bishydroxymethylfluorene(21) H,I.F,N,C H,N 
9,9-bisacetyoxymethylfluorene(79) H,I,F,A H 
9,9 - b i s c h l o r o a c e t o x y m e t h y l f l u o r e n e ( 8 0 ) H,I,F,A,I,C H,N 
9, 9 - b i s p r o p i o n y l o x y m e t h y l f l u o r e n e ( 8 1 ) H,F H 
9, 9 - b i s b u t y r y l o x y m e t h y l f l u o r e n e ( 8 2 ) H,I,F,N,A,C H 
9,9-bismethylcarbaraoyloxyTnethylfluorene(83) H,I,F H 
9,9-bisethylcarbamoyloxymethylfluorene(84) H,I,F H 
9,9-bisphenylcarbamoyloxymethylfluorene(85) H,I,F,N,A,C H 
9 . 9 - s u l p h i n y l d i o x y m e t h y l f l u o r e n e ( 8 6 ) H.I,F,N,A H 
9,9-bisme t h y l s u l p h o n y l o x y m e t h y l f l u o r e n e ( 8 7 ) H,I,F H 
9,9-bistoluene-4-sulphonyloxymethyl-
f l u o r e n e ( 8 8 ) H,I,F.V H 
9-hydroxyraethyl-9-methylfluorene(89) H H 
9-hy d r o x y m e t h y l f l u o r e n e - 9 - c a r b o x y l i c a c i d ( 9 0 ) H,I,F H 
9, 9 - b i s h y d r o x y m e t h y l - 2 - n i t r o f l u o r e n e ( 9 3 ) H,I,F.A.C H 
9,9- b i s h y d r o x y m e t h y l - 2 - c h l o r o f l u o r e n e ( 9 4 ) H H 
9,9-bishydroxymethyl-2-bromofluorene(95) H H 
methyl 2-chloro-9-hydroxymethylfluorene-9-
c a r b o x y l a t e ( 9 7 ) H H 
methyl-9,9-bi.shydroxymethylf luorene-4-
c a r b o x y l a t e ( 9 9 ) H,I,F H 
KEY: 
H = Her b i c i d e 
I = I n s e c t i c i d e 
F = Fungicide 
N , Nematicide 
A = A n t h e l m i n t i c 
C - C o c c i d i o s t a t 
V = V l r l c i d e 
Table 1 B i o l o g i c a l Screening o f Fluorene D e r i v a t i v e s 
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I n t h e pre-emergent t e s t the r e s u l t s were s i m i l a r b ut t h e b i s -
acetoxymethyl compound(79) was o n l y s l i g h t l y l e s s a c t i v e than ( 2 1 ) . 
The carbamate e s t e r s (S3-85) showed g r e a t l y reduced a c t i v i t y ; i n 
the pre-emergent t e s t they were v i r t u a l l y i n a c t i v e . The sulphur 
c o n t a i n i n g e s t e r s (86-88) a l s o showed a d e f i n i t e decrease i n a c t i v i t y . 
The h y d r o x y l groups thus appear t o be e s s e n t i a l f o r h e r b i c i d a l 
a c t i v i t y . The miscellaneous 9 - s u b s t i t u t e d compounds(89,90) confirmed 
t h i s hypothesis. Removal o f one h y d r o x y l group i n 9-hydroxymethyl-9-
m e t h y l f l u o r e n e ( 8 9 ) reduced i t s a c t i v i t y i n both t e s t s compared w i t h 
the d i p l ( 2 1 ) . O x i d a t i o n of one hydroxymethyl group, as i n 9-hydrox-
m e t h y l f l u o r e n e - 9 - c a r b o x y l i c a c i d ( 9 0 ) , improved the h e r b i c i d a l a c t i v i t y ; 
the h y d r o x y m e t h y l c a r b o x y l i c a c i d ( 9 0 ) was more a c t i v e t h a n the d i o l ( 2 1 ) . 
T h i s improvement no doubt stemmed from the increased s i m i l a r i t y t o 
' c h l o r f l u r e c o l ' ( 9 ) which was s t i l l t h e most a c t i v e compound. Ring 
s u b s t i t u t i o n i n p o s i t i o n s 2 and 4(compounds 93, 94, 95, 99) made 
l i t t l e d i f f e r e n c e t o the a c t i v i t y i n e i t h e r emergent t e s t s . Howeyer, 
methyl 2 - c h l o r o - 9 - h y d r o x y m e t h y l f l u o r e n e - 9 - c a r b o x y l a t e ( 9 7 ) whose 
s t r u c t u r e i s c l o s e s t t o t h a t o f the morphactins showed a much h i g h e r 
a c t i v i t y i n both t e s t s compared w i t h the d i o l ( 2 1 ) . Compared t o 
' c h l o r f l u r e c o l methyl' (9) i t was s t i l l v e r y s l i g h t l y l e s s a c t i v e . 
Of the compounds screened,. o n l y t h r c e ( 2 1 , 90 and 97) were 
considered s u f f i c i e n t l y p r o m i s i n g t o warrant more e x h a u s t i v e Phase 2 
t e s t s . I n these t e s t s methyl 2 - c h l o r o - 9 - h y d r o x y m e t h y l f l u o r e n e - 9 -
c a r b o x y l a t e performed w e l l enough t o j u s t i f y f u r t h e r i n t e r e s t . I n view 
o f i t s s i m i l a r i t y t o ' c h l o r f l u o r e c o l ' f u r t h e r i n v e s t i g a t i o n depends on 
c o n f i r m a t i o n t h a t i t i s patent f r e e and whether t h e r e i s any commercial 
advantage i n i t s use. 
The other Phase 1 screens t r i e d , when s u f f i c i e n t m a t e r i a l was 
a v a i l a b l e , were i n s e c t i c i d e , f u n g i c i d e , n e m n t i c i d e , a n t h e l m i n t i c , 
c o c c i d i o F t a t and v i r i c i d e . I n none o f these t e s t s was any s i g n i f i c a n t 
a e t i v i t y noted except w i t h 9 , 9 - b i s h y d r o x y m e t h y l f l u o r e n e ( 2 1 ) and 
9,9-bischloroacetox>TTiethylfluorene(80). The d i o l ( 2 1 ) showed s l i g h t t o 
moderate a c t i v i t y as a s o i l n c m a t l c i d e a t the h i g h e s t a p p l i c a t i o n r a t e 
of 250ppm. At lower r a t e s i t was not s u f f i c i e n t l y a c t i v e t o wa r r a n t 
c l o s e r examination. Moderate p h y t o t o x i c i t y was noted dovm t o 62ppm., 
as might be expected. The chlo r o a c e t o x y m e t h y l d e r i v a t i v e ( 8 0 ) a l s o showed 
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some nematicide a c t i v i t y . For example, i t e x h i b i t e d moderate c o n t r o l o f 
r o o t - k n o t eelworm at 125ppm ( s c o r e 5) and a t 62ppm(score 3 ) . I n n e i t h e r 
cose was t h i s considered s u f f i c i e n t t o j u s t i f y Phase I I t e s t s . 
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4. CONCLUSION 
9,9-Bishydroxymethylfluorene d e r i v a t i v e s can be prepared i n 
reasonable y i e l d s on a small s c a l e by condensation o f f l u o r e n e 
d e r i v a t i v e s w i t h paraformaldehyde, i n i o n i s i n g s o l v e n t s such as 
di m e t h y l sulphoxide, using s t r o n g base. However, i n some cases, 
p a r t i c u l a r l y w i t h 2 - n i t r o f l u o r e n e and 2 - a c e t y l f l u o r e n e , the r e a c t i o n 
was complicated by the f o r m a t i o n o f a r a d i c a l species which e f f e c t i v e l y 
stopped any hydroxymethylation. These f r e e r a d i c a l species were deduced 
t o be the corresponding f l u o r e n o n e r a d i c a l anions because o f t h e i r ease 
of f o r m a t i o n , s t a b i l i t y , and the p a t t e r n o f t h e i r e.p.r, spectr^-
They are ap p a r e n t l y produced by a u t o x i d a t i o n o f the carbanion o f the 
f l u o r e n e d e r i v a t i v e . 
A s u i t a b l e system which does not s t a b i l i s e these r a d i c a l 
anions appears t o be a c e t o n i t r i l e , w i t h aqueous benzyltrimethylammoniura 
hydroxide as base, purged w i t h n i t r o g e n gas t o remove d i s s o l v e d 
oxygen. I n this- s y s t e m , f o r example, r e p r o d u c i b l e y i e l d ? o f 607« 
b i F h y d r o x y r a e t h y l - 2 - n i t r o f l u o r e n e were obtained on a lOg. scale. I t 
w o u l d be i n t e r e s t i n g t o i n v e s t i g a t e some o f the oth e r r e a c t i o n s i n t h i s 
s o l v e n t , p a r t i c u l a r l y those t h a t gave lower y i e l d s on scale up. 
With 9-monorubstituted f l u o r e n e s , condensation w i t h 
paraformaldehyde proceeded smoothly w i t h none o f the problems found 
w i t h r i n g - s u b s t i t u t e d f l u o r e n e s . 
The h y d r o x y l of the hydroxymethyl groups were g e n e r a l l y q u i t e 
r e a c t i v e . For example, they were e a s i l y e s t e r i f i e d . However, 
s u b s t i t u t i o n by c h l o r i n e was found t o be impossible w i t h the 
co n v e n t i o n a l reagents used. This lack o f r e a c t i v i t y was not o b v i o u s l y 
due t o s t e r i c hindrance and remains t o be ex p l a i n e d . 
D i r e c t r i n g - s u b s t i t u t i o n o f the d i o l was not considered t o 
be the best method of o b t a i n i n g r i n g - s u b s t i t u t e d hydroxymethyl compounds 
because o f the expected r e a c t i v i t y o f the hy d r o x y l groups towards a 
v a r i e t y of reagents. This problem c o u l d be avoided by p r o t e c t i n g 
the h y d r o x y l groups (e.g. i n the n i t r a t i o n of the d i o l w i t h 
n i t r i c / a c e t i c a c i d s , the h y d r o x y l groups were e s t e r i f i e d ) . 
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As regards b i o l o g i c a l a c t i v i t y , t he Merck product ' c h l o r f l u r e c o l 
m e t hyl' was the most a c t i v e compound examined. The screening r e s u l t s 
i n d i c a t e t h a t o n l y 9,9-bishydroxymethylfluorene ( 2 1 ) , 9-hydroxymethylfluorene-
9 - c a r b o x y l i c a c i d ( 9 0 ) , and methyl 2 - c h l o r o - 9 - h y d r o x y m e t h y l f l u o r e n e - 9 -
c a r b o x y l a t e ( 9 7 ) are s u f f i c i e n t l y a c t i v e t o warrant Stage I I t e s t i n g . 
I t thus appears t h a t a 9-hydroxymethyl group, a 9 - c a r b o x y l i c 
a c i d group, and a 2-chloro group a l l c o n t r i b u t e t o the h e r b i c i d a l 
a c t i v i t y . I n p a r t i c u l a r , the 9-carboxyl group i s e s s e n t i a l f o r a 
compound t o e x h i b i t high a c t i v i t y . P o s s i b l y , the mode o f a c t i o n o f the 
d i o l 9,9-biEhydroxymethylfluorene(21) i n v o l v e s o x i d a t i o n o f a hydroxymethyl 
group t o produce an i n t e r m e d i a t e m o r p h a c t i n - l i k e substance. 
Since none of the a c t i v e compounds prepared i n t h i s study are 
o b v i o u s l y cheaper t o produce tha n ' c h l o r f l u r e c o l ' , i t i s u n l i k e l y t h a t 
they w i l l be used commercially. W h i l s t the methyl 2 - c h l o r o compound(-97) 
appears t o be patent f r e e , because of i t s s i m i l a r i t y t o * c h l o r f l u r e c o l ' , 
any commercial i n t e r e s t w i l l depend on advantages a r i s i n g from i t s use.. 
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5. EXPERIMENTAL 
5.1 GENERAL PROCEDURES 
The m a t e r i a l s and reagents used were as r e c e i v e d from B.D.H. 
L u n i t e d unless otherwise s t a t e d . During many o f the r e a c t i o n s , water 
was excluded from the system by means o f a cal c i u m c h l o r i d e guard-tube. 
Organic s o l u t i o n s were d r i e d u s i n g sodium s u l p h a t e and evaporated under 
reduced pressure u s i n g a r o t a r y evaporator. The p u r i t y o f product was 
determined by t h i n l a y e r chromatography u s i n g t h e ascending technique 
w i t h 0»25mm. l a y e r s o f s i l i c a g e l ( K i e s e l g e l G.F. 2 5 4 1 M e r c k ) a c t i v a t e d 
a t 100®. The components were l o c a t e d by u l t r a - v i o l e t l i g h t a t 254nm. 
Brockmann Grade 1 Alumina was used f o r column chromatography. M e l t i n g 
p o i n t s were determined i n c a p i l l a r y tubes u s i n g an ' E l e c t r o t h e r m a l ' 
apparatus and are unc o r r e c t e d . 
Elemental a n a l y s i s f a c i l i t i e s were p r o v i d e d by Fisons L i m i t e d , 
Agrochemicals D i v i s i o n . I n f r a - r e d s p e c t r a were recorded from potassium 
bromide d i s c s using a Pye-Unicam SP200 or a P e r k i n Elmer 357 spe c t r o -
photometer. U l t r a - v i o l e t / v i s i b l e s p e c t r a were r e c o r d e d w i t h a P e r k i n 
Elmer 402 spectrophotometer and et h a n o l as s o l v e n t . Nuclear 
magnetic resonance spectra were obtained u s i n g a P e r k i n Elmer RIO 
(60 MHz) o r a P e r k i n Elmer R32(100 MHz) spectrophotometer f o r s o l u t i o n s 
r2 "1 
i n Hg d i m e t h y l sulphoxide w i t h t e t r a m e t h y l s i l a n e as i n t e r n a l standard 
Mass spectra were recorded u s i n g a P e r k i n E l m e r - H i t a c h i i n s t r u m e n t , a t 
Exeter U n i v e r s i t y . 
Dry e t h a n o l was prepared a c c o r d i n g t o the method o f Lund and 
Bjerrum as described by Vogel^^^^. Sodium e t h o x i d e s o l u t i o n i n d ry 
ethanol was prepared according t o Vogel and s t o r e d a t 0" i n darkness, 
5.2 HYDROXYL MODIFICATIONS 
1, 9,9-Bishydroxymethylfluorene^^'^^(21) 
Paraformaldehyde(32g;l'07 mol) was suspended i n d i m e t h y l -
3 
sulphoxide(400cm ) , cooled t o 15**, and s t i r r e d v i g o r o u s l y , A s o l u t i o n 
of sodium et h o x i d e i n d ry ethanol^^^^(24cm^;2*85 mol.dm was added 
t o the paraformaldehyde suspension f o l l o w e d immediately by a suspension 
of fluorene(64g;0'39 mol., r e c r y s t a l l i s e d from ethanol,mp.114-116, 
lit.116°^^^), i n more_dimethylsulphoxide(400cra^)at 15°. 
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The temperature rose t o 19**. A f t e r 2'5 rain, t he r e a c t i o n was stopped 
-3 3 
by adding concentrated h y d r o c h l o r i c a c i d ( l l * 6 mol.dm ;24cm ) and 
3 
pouring the m i x t u r e i n t o water(1600cra ) , The r e s u l t i n g emulsion was 
s a t u r a t e d w i t h sodium c h l o r i d e ( 280g) and the product e x t r a c t e d 
u s i n g e t h y l a c e t a t e ( 2 x 750cra ) , The combined e t h y l a c e t a t e f r a c t i o n s 
were washed w i t h w a t e r ( 3 x lOOOcm*^), d r i e d , f i l t e r e d , and the f i l t r a t e 
evaporated t o dryness. The r e s u l t i n g s o l i d was V7ashed w i t h d i e t h y l 
e t h e r t o g i v e a product haveing a m.p. o f 143-145*. T h i s m a t e r i a l 
was f u r t h e r p u r i f i e d by r e c r y s t a l l i s i n g i t t w i c e from benzene. The 
c o l o u r l e s s needles of compound(21) thus obtained(60g:69%) had m.p. 
144-146%(lit^^,145-5-146;5«). Found: °^/e 226;calc. f o r C^^^^^O^^ 
226. V max. 3300(-OH),1070,1030(C - 0, C - C) 770,750cra"^(C-C 
a r o m a t i c ) . X max. 209(52,500) ;266nm( 6 25,800). X 6-1, 4H, 
s i n g l e t , (CH^); 5-7, 2H, s i n g l e t (OH); 2-3, 8H, m u l t i p l e t , ( A r H ) . 
2, 9,9 B i s a c e t o x y m e t h y l f l u o r e n e 
9,9-Bishydroxymethylfluorene(9'lg;0*04 mol) was d i s s o l v e d 
i n chloroform(250cm^) by warming and a c e t y l c h l o r i d e ( 13cm'^; 14'4g; 
0*18 mol) was added dropwise w i t h s t i r r i n g . P y r i d i n e ( 1 7 c m ^ ;14.4g; 
0*21 mol) was a l s o added, w i t h c a u t i o n ) . The s o l u t i o n was heated 
under r e f l u x f o r 7 hours under dry c o n d i t i o n s , then c o o l e d , washed 
3 
w i t h water(3 x 200cra ) , d r i e d and f i l t e r e d . The f i l t r a t e was 
evaporated t o dryness g i v i n g an o i l y product which was c r y s t a l l i s e d , 
from ethanol/vjater t o g i v e w h i t e c r y s t a l s o f 9 , 9-bisacetoxymethyIfluorene 
( l l * O g : 88%) having a m.p. 102-104**. Found: "^/e 310;C,73-85;.H,6'05; 
^19^18^4 ^^^"^^^s C,73-5;H,5*81%. S) max. 1735(C=0), 1215 (C-O), 
1040(C-C), 765,735^'"'^(C-C a r o m a t i c ) . X max. 210, (35 ,600) ;257nm 
( e 16,500). 
m u l t i p l e t ( A r H ) 
16,500). T 7*9, 6H, s i n g l e t ( C H ^ ) ;5-6 ,4H, s i n g l e t ( C H 2 ) ;2-3 ,811, 
3. 9,9-BischloroacetoxymethyIfluorene 
9,9-Bishydroxymethylfluorene(4"Og;0'02mol.) was d i s s o l v e d i n 
e t h y l acetatedOOcra"^) by warming. A f t e r c o o l i n g t o room temperature, 
c h l o r o a c e t y l c h l o r i d e ( 4 " 5 c m ,6'3g,0'06 mol) was added dropwise w i t h 
s t i r r i n g . The s o l u t i o n was heated under r e f l u x f o r 2 h r . under dry 
c o n d i t i o n s , then cooled and evaporated t o dryness. 
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The o i l y product was r e d i s s o l v e d i n ether(SOcm*^) , s e t a s i d e t o 
c r y s t a l l i s e , and the c r y s t a l s i s o l a t e d by f i l t r a t i o n , and r e c r y s t a l l i s e d 
t w i c e from petrol ( 8 0 - 1 0 0 " f r a c t i o n ) . The w h i t e c r y s t a l s o f 9 , 9-Bischloro-
acetoxymethyIfluorene (2-2g;34%) had m.p.106-107°. Found: C, 60 -30 ; 
H,4-25;C1,18-40;C,^H, .Cl.O, r e q u i r e s C ,60 '2 ;R ,4 -22 ;C1 18^727o. max. l y l o ^ 4 
1745(C=0) ,1170(C-0) ,990(C-C) ,760,730 cm (C-C a r o m a t i c ) . L 5 ' 9 , 4 H , 
s i n g l e t ( C H 2 ) ; 5 - 5 , 4 H , s i n g l e t ( a i 2 ) 2 - 3 , 8H, m u l t i p l e t ( A r H ) . 
4. 9, 9 - B i s p r o p i o n y l o x y m e t h y l f l u o r e n e 
9 , 9 - B i s h y d r o x y m e t h y l f l u o r e n e ( l l ' 3 g ; 0 * 0 5 mol) was d i s s o l v e d 
3 • 3 i n chloroform(250cra ) by warming p r o p i o n y l c h l o r i d e ( 2 0 c m ;21'2g;0"23 mol) 
added dropvjise w i t h s t i r r i n g . The m i x t u r e was heated under r e f l u x f o r 30 
min. under dry c o n d i t i o n s , then cooled, washed w i t h w a t e r ( 3 x 200cm ) , 
d r i e d and f i l t e r e d . The f i l t r a t e was evaporated t o dryness l e a v i n g an 
o i l y product which s l o w l y c r y s t a l l i s e d . The s o l i d product was r e c r y s t a l l i s e d 
t w i c e from e t h a n o l t o g i v e v/hite c r y s t a l s o f 9 , 9 - b i s p r o p i o n y l o x y m c t h y l -
f l u o r e n e (14'lg;837o) having a m.p. 83 - 8 4 ^ Found: C,74*95;H,6-85; 
Sl"22^4 ^ ^ ^ " i ^ ^ s C,74-6;H,6-51%. V max. 1730(C=0).1175(C-0),755, 
730 cm' (C-C a r o m a t i c ) . 
5. 9 , 9 - B i s - n - b u t y r y l o x v m e t h v l f l u o r e n e 
9,9-Bishydroxymethylfluorene(9'Og;0'04 mol) was d i s s o l v e d i n 
chloroform(200cm'b by warming and n - b u t y r y l chloride(17cm^;17.Ig;0,16mol) 
was added dropwise w i t h s t i r r i n g . P y r i d i n e ( 16cm"^; 16'Og;0'20 mol) was 
a l s o added c a u t i o u s l y . The s o l u t i o n was heated under r e f l u x f o r 7 h r . 
under d r y c o n d i t i o n s , then c o o l e d , washed w i t h w a t e r ( 3 x 200cm ) , d r i e d 
and f i l t e r e d . The f i l t r a t e was evaporated t o dryness g i v i n g an o i l y 
product which slov;ly r e c r y s t a l l i s e d t o g i v e w h i t e c r y s t a l s o f pure 
9 . 9 - b i s - n - b u t y r y l o x y m e t h y l f l u o r e n e (14'0g;95%) having a m.p. 74-77*. 
The m e l t i n g p o i n t was not r a i s e d by f u r t h e r r e c r y s t a l l i s a t i o n from 
methanol. Found: C,75•20:H,7-35;C^.,H^-0, r e q u i r e s C,75*5;H,7'11%. 
2.S ZD 4 
max. 1735(C=0),1155(C-0),765,733cm"^(C-C.aromatic). 
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6. 9a9-B i s f o r m y l o x y m e t h y l f l u o r e n e 
T o l u e n e - 4 - s u l p h o n y l c h l o r i d e ( 3 ' l g ; 0 ' 0 2 mol) was d i s s o l v e d i n 
dimethylformamide^*^'^^(25cm'*) and the s o l u t i o n heated t o 100° f o r OOhr. 
9,9-Bishydro::yraethylfluorene(l*0g;0*004ml.) was added and t h e m i x t u r e 
kept at 100" f o r 2 h r . The s o l u t i o n was then poured i n t o waterdOOcm"^) 
3 
and e x t r a c t e d w i t h e t h y l a c e t a t e (2 x lOOcm ) . The o r g a n i c s o l u t i o n 
was washed w i t h water(3 x 100cm ) , d r i e d and f i l t e r e d . The f i l t r a t e 
was evaporated t o dryness, l e a v i n g a c o l o u r l e s s o i l y product which 
s o l i d i f i e d upon r e - e v a p o r a t i o n w i t h e t h a n o l . The product was washed 
w i t h e t h e r and then r e c r y s t a l l i s e d from petrol(80-100** f r a c t i o n ) t o 
g i v e w h i t e c r y s t a l s of 9 3 9-bisformyloxyme thy I f l u orene (O'4g;357o) 
having a m.p. 99-101". F u r t h e r p u r i f i c a t i o n by t w i c e r e c r y s t a l l i s i n g 
from ethanol/water gave m a t e r i a l w i t h a m.p. 102-103". Found: °^/e 282; 
C,72'60;H,4-95;C^yH^^0^ r e q u i r e s C,72'4;H,4*97%. V max. 1710(C=0), 
II70(C-0),765,735cm"^(C-C a r o m a t i c ) . . X max. 209,(21,800);266nm 
(6 9,900). T; 5*4,4H, s i n g l e t ( C H ^ ) 2 - 4 , 8 n , r a u l t i p l e t ( A r H ) , 1-8,2H, 
singlet(HCO^) ^/e 282.(89) ,222(42) , 194(85) , 178(100) , 177(40) , 167(46) , 
165(39%); metastable peaks a t 171 and 143. 
7. Attempted P r e p a r a t i o n o f 9 , 9 - B i s t r i f l u o r o a c e t o x y m e t h y l f l u o r e n e ^ ^ ^ 
9,9-Bishydroxymethylfluorene(l*0g;0'004 mol) and p y r i d i n e 
(3cm^;3'Og;0*04 mol) were d i s s o l v e d i n chloroform(25cm'^)and molecular 
sieve (2"0g;type 4A) was added, f o l l o w e d by t r i f l u o r o a c e t i c anhydride 
(5*Og:0*02 ml) dropwise w i t h s t i r r i n g . The m i x t u r e was heated under 
r e f l u x f o r 1 h r . under dry c o n d i t i o n s , then c o o l e d , washed w i t h water 
(3 X 20cm'^), d r i e d and f i l t e r e d . The f i l t r a t e was evaporated t o dryness 
l e a v i n g an o i l y r e s i d u e which was c r y s t a l l i s e d from methanol/water t o 
g i v e 9,9-bishydroxymethylfluorene (0'4g. 40%),m.p.143 - 1 4 5 " ( l i t ^ ^ , 
145-5 - 146-5"). V max. 3300(OH), 1065, 1025(C-0,C-C) 765, 735cm'"^ 
(C-C a r o m a t i c ) . 
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8. Attempted P r e p a r a t i o n o f 9,9-Carbonyldioxvmethvlfluorene 
9,9-Bishydroxymethylfluorene(l'Cg;0'004 mol) was d i s s o l v e d 
3 
i n chloroform(50cm ) by warming under dry c o n d i t i o n s . The r e a c t i o n 
v e s s e l was f i t t e d w i t h a d r y - i c e condenser and phosgene gas was bubbled 
through the m i x t u r e f o r 0'3hr. The s o l u t i o n was then s e t aside f o r 
24 h r . at room temperature and f i n a l l y evaporated t o dryness. The 
3 
a c i d i c o i l y product was r e d i s s o l v e d i n e t h y l acetate(50cm ) , washed 
w i t h w ater(2 x 50cm ) , d r i e d over anhydrous potassium carbonate, and 
f i l t e r e d . E vaporation o f the f i l t r a t e produced an o i l which 
: c r y s t a l l i s e d when t r e a t e d w i t h carbon t s t r a c h l o r i d e / p e t r o l . The s m a l l 
q u a n t i t y o f impure product i s o l a t e d ( m . p . 187'*{softens)) was i n s u f f i c i e n t 
f o r i d e n t i f i c a t i o n or f u r t h e r p u r i f i c a t i o n but i t s i n f r a - r e d spectrum; 
max.,1740(C=0),1255,(C-0),730cm"^(C-C a r o m a t i c ) , was i n d i c a t i v e o f 
a carbonate. 
9. 9i9-Bismethylcarbamoyloxymethylfluorene 
9 , 9 - B i s h y d r o x y m e t h y l f l u o r e n e ( l l * 3 g ; 0 ' 1 3 mol) was d i s s o l v e d 
i n dry pyridine(100cm ) and isocyanatomethane(7-5g;0*13mol) was added. 
The s o l u t i o n V7as then heated under r e f l u x f o r 2 hours under dry c o n d i t i o n s , 
3 
cooled and poured i n t o waterdOOcra ) . The o r g a n i c m a t e r i a l was e x t r a c t e d 
w i t h e t h y l a c e t a t e (4 x lOOcm^), washed w i t h w a t e r ( 2 x 200cm^), d r i e d 
and f i l t e r e d . The f i l t r a t e was evaporated t o dryness and the o i l y p roduct 
r e - d i s s o l v e d i n ether and l e f t t o c r y s t a l l i s e . The s o l i d product was 
i s o l a t e d by f i l t r a t i o n and f u r t h e r p u r i f i e d by r e c r y s t a l l i s a t i o n from 
benzene/petrol t o g i v e w h i t e m i c r o c r y s t a l s o f 9,9-bis'methylcarbamoyloxy-
m e t h y l f luorene (2-4g;14%),m.p.l78-180*'. Found: °^/e 340,C,67-30;H,6-05; 
N,8-50;C^^H2qN20^ r e q u i r e s C,67-l;H,5-88,N,8-247o. max. 3350(NH); 
1690(0=0, amide I band); 1550,1270(N-H,C-N, amide I I , I I I bands);1145(C-0); 
735cm ^,(C-C ar o m a t i c , secondary amide IV band). X max. 208,(45,500); 
257nm( e 21,500). T 7*4,6H,doublet(CH^,J==4Hz); 5-7,4H,singlet(CH2); 
2-0,2H, broad singlet(NH);2-3,8H, m u l t i p l e t ( A r H ) . °^/e 340(6) 
195(8),179(20),178(100),177(8),165(8),58(17),57(9%); m e t a s t a b l e peaks 
a t 143 & 94. 
53 
10. 9,9-Bisethylcarbamoyloxymethylfluorene 
9,9-Bishydroxymethylfluorene(3.5g;0.02mol) vjas d i s s o l v e d 
i n dry pyridine(40cm^) and isocyanatoethane(2•5g;0"03mol) was added. The 
m i x t u r e was heated under r e f l u x f o r 2hr. under dry c o n d i t i o n s , cooled and 
evaporated t o dryness. The s o l i d product was washed w i t h e t h e r and r e c r y s t 
a l l i s e d from e t h y l acetate/petrol(40-60**) t o g i v e w h i t e m i c r o c r y s t a l s o f 
pure 9,9-bisethylcarbamoyloxymethylfluorene ( 3 * l g ) ; 5 5 % ) , m.p.211-215". 
Found: C,68-75;H,6*65;N,7*80;C2^H2^N20^ r e q u i r e s C,68-5;H,6*52;N,7*61%. 
max.3400(NH);1690(C=0,amide I band);1540,1250(N-H,C-N,amide I I , I I I bands); 
I030(C-0);740cm ^(C-C a r o m a t i c , secondary amide IV band) 
11. 9,9-Bisphenylcarbamoyloxymethylfluorene 
9,9-Bishydroxymethylfluorene(4*0g;0'02 raol) was d i s s o l v e d i n 
3 3 dry pyridine(15cm ) and isocyanatobenzene(4cm ;4'4g;0*04mol) was added. 
The mi x t u r e was heated under r e f l u x f o r l * 5 h r . under dry c o n d i t i o n s , 
cooled and evaporated t o dryness. The s o l i d product was r e c r y s t a l l i s e d 
from c h l o r o f o r m t o g i v e w h i t e m i c r o c r y s t a l s o f c h r o m a t o g r a p h i c a l l y pure 
9.9-bisphenylcarbamoyloxymethylfluorene(5'5g;69%) o f m.p.227-229". 
Found:C,74*7;H,5*00;N,6-30;C2gH2^N20^ r e q u i r e s C,75*O.H,5*15;H,6-05%. 
R p ( e t h y l a c etate)0*74. ^ max.3380(NH);1690(C=0,amide I band;1535,1220 
(NH,C-N,amide I I , I I I bands);1060(C-0);740cm ^(C-C a r o m a t i c , secondary ami 
XV band). T5-5, 4H,singlet(CH.);2'4,20H,complex multiplet(ArH,NH,Ph-H). 
12. 9 ,9-Bis-3'-chlorophenylearbamoyloxymethylfluorene 
9,9-Bishydroxymethylfluorene(l'5g,0"01mol)was d i s s o l v e d i n 
2 
chloroform(25cm ) by warming and molecular sieve(2'Og;type4A) was added. 
The m i x t u r e was allowed t o stand a t 25** f o r 0*5hr. under dry c o n d i t i o n s , 
isocyanato-3-chlorobenzene(7.2g^0.05raol)was added and the s o l u t i o n was 
heated under r e f l u x f o r 5 hours. I t was then c o o l e d , and the s o l i d product 
which p r e c i p i t a t e d was i s o l a t e d by f i l t r a t i o n , washed w i t h p e t r o l and 
r e c r y s t a l l i s e d from methanol/water t o g i v e w h i t e m i c r o c r y s t a l s of 
c h r o m a t o g r a p h i c a l l y pure 9,9-bis-3-chlorophenylcarbamoyloxymethylfluorene 
(2-5g;677o),m.p.l53-155**. Found: C,65-05;H,3-90;CI, 13-45;N,5-30; 
^2s\2^^'^2^i^ C,65,3;H,4.13;C1.13.3;:;,5,26%. 
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Rp(chloroform)0*68. >) max.3350(NH);1695(0=0,amide I band);1590, 
1540(NH,CN,amide I I bands);1275,1225(NH,CN,amide I I I bands);1060(C-0); 
760 cm ( C - C a r o m a t i c , secondary amide IV band). 
13. 9 , 9 - S u l p h i n y l d i o x y m e t h y l f l u o r e n e 
9,9-Bishydrox>Tnethylfluorene(22'6g;0'10 mol) was d i s s o l v e d i n 
chloroform(450 cm ) by warming and r e d i s t i l l e d t h i o n y l c h l o r i d e ( 8 
1 3 ' l g ; 0 ' l l mol) was added drcpwise w i t h s t i r r i n g under dry c o n d i t i o n s . 
The s o l u t i o n was then kept a t 25* f o r 48 h r . , washed v / i t h w a t e r ( 3 x 250cra ) 
c o n t a i n i n g sodium hydrogen c a r b o n a t e , d r i e d and f i l t e r e d . The f i l t r a t e 
was evaporated t o dryness and the s o l i d product r e c r y s t a l l i s e d twice from 
carbon t e t r a c h l o r i d e t o g i v e cream coloured c r y s t a l s o f 9 , 9 - s u l p h i n y l -
d i o x y r o e t h y l f l u o r e n e (20-0g;73%) w i t h m.p.161-162*. Found: ^/e 272;C, 
66*05;H,4'60;S,11*50:C^^H^2*^2S r e q u i r e s C,66*2;H,4-41: S^l*77%. Rp(carbon 
t e t r a c h l o r i d e ) 0 ' 5 2 . ^ max. 1450,1180(S = 0 s u l p h i t e ) ; 990,930(S-0,C-0); 
740 cm ^(C-C aromatic) ( c p . 1 , 2 - s u l p h i n y l d i o x y e t h a n e , max.1200,1020, 
930 cra'^). 
14. H y d r o l y s i s o f 9 j 9 - S u l p h i n y l d i o x y m e t h y l f l u o r e n e 
9,9-SulPhinyldioxymethylfluorene(2'0g;0*01 mol) was d i s s o l v e d i n 
dioxan(50 cm ) and sodium hydroxide(0'8g;0'02 mol) i n aqueous e t h a n o l 
(10 cm ,70% e t h a n o l ) was added. The m i x t u r e was heated under r e f l u x f o r 
2 h r . , cooled, evaporated t o dryness and r e d i s s o l v e d i n e t h y l a c e t a t e 
3 3 (100 cm ) , The organic s o l u t i o n was washed w i t h w a t e r ( 3 x 100 cm ) d r i e d , 
f i l t e r e d , and evaporated t o dryness. The s o l i d product was r e c r y s t a l l i s e d 
from benzene t o g i v e c o l o u r l e s s needles o f 9,9-bishydroxymethyIfluorene 
(l*5g;887o), m.p.l44-146*;( mixed m.p. w i t h a u t h e n t i c 9,9-bishydroxymethyl-
f l u o r e n e 143-145*. ^ max,3300(OH);; 1060,1020(C-0,C-C); 760,735 cm'^ 
(C-C a r o m a t i c ) . 
15. Attempted P r e p a r a t i o n o f 9-chloromethyl-9-hydroxymethylfluorene 
9 , 9 - S u l p h i n y l d i o x y m e t h y l f l u o r e n e ( l ' 0 g ; 0 ' 0 0 4 mol) was d i s s o l v e d 
i n dioxan(50 cm ) and heated under r e f l u x f o r 3 hours under dry c o n d i t i o n s 
w h i l s t dry hydrogen c h l o r i d e gas was bubbled through the s o l u t i o n . The 
s o l v e n t was removed by e v a p o r a t i o n and the product i s o l a t e d by e x t r a c t i o n 
w i t h e t h y l acetate(100 cm^). 
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The organic s o l u t i o n was washed w i t h w a t e r ( 3 x 100 cm*^), d r i e d , f i l t e r e d 
and evaporated t o dryness. The s o l i d product was i d e n t i f i e d by i n f r a -
r e d spectroscopy as unchanged 9 , 9 - s u l p h i n y l d i o x y m e t h y l f l u o r e n e (l»Og; 
100%). The i d e n t i t y of the product was confirmed by r e c r y s t a l l i s i n g 
i t t w i c e from carbon t e t r a c h l o r i d e , the c h r o m a t o g r a p h i c a l l y pure 
m a t e r i a l had a m.p. of 161-163°. RF(carbon t e t r a c h l o r i d e ) 0 ' 5 2 . 
^ max.1450, 1180(S=0 sulphite):990,930(8-0,C-0) 735 cm'"^(C-C aromatic) 
16. Attempted P r e p a r a t i o n of 9 , 9 - B i s c h l o r o m e t h y l f l u o r e n e 
a) w i t h phosphorus p e n t a c h l o r i d e 
9,9-Bishydroxymethylfluorene(l*0g;0'004 mol) was d i s s o l v e d i n 
carbon t e t r a c h l o r i d e ( 2 5 cm*^ ) by warming and phosphorus p e n t a c h l o r i d e 
(2*0g;,0'01 mol) was added. The m i x t u r e v/as heated under r e f l u x f o r 3hr. 
under dry c o n d i t i o n s , cooled, washed w i t h aqueous sodium b i c a r b o n a t e 
(3 x 20 cm''), d r i e d and f i l t e r e d . The f i l t r a t e was evaporated t o 
dryness and the s o l i d product r e c r y s t a l l i s e d from benzene/petrol t o 
gi v e m a t e r i a l ( 0 * 2 g ) o f m e l t i n g p o i n t 185-186** which c o n t a i n e d phosphorus 
and c h l o r i n e . Found: ^/e 513,C,70-35;H,4-85;C1,6*85;P,-.C^^H^^^^^a 
r e q u i r e s °^/e 263;C,68'44;H,4-56;C1,27"0%. Rp(carbon t e t r a c h l o r i d e ) 
0*02(impurity);0'70(compound). ^ max. 1300(P=0);1040,1030(C-0,C-C, 
P-0-alkyl),730 cm''^(C-C aromatic,C-Cl) . °^/e 513(20) ,226(24) , 192( 
191(78),179(18),178(100),177(10%), metastable peak a t 161. 
b) w i t h hydrogen c h l o r i d e 
9,9-Bishydroxymethylfluorene(2'0g;0*01 mol) was d i s s o l v e d i n 
dioxan(50 cm^) and anhydrous z i n c chloride(5•2g;0"04 mol) added. The 
m i x t u r e was heated under r e f l u x f o r 1*5 h r , under d r y c o n d i t i o n s w h i l s t 
d r y hydrogen c h l o r i d e gas was bubbled through i t . The s o l v e n t was 
removed by evaporation and the product i s o l a t e d by e x t r a c t i o n w i t h 
e t h y l a c e t a t e ( 5 0 cm^). The o r g a n i c s o l u t i o n was washed w i t h water 
(3 X 25 cm ) , d r i e d , f i l t e r e d and evaporated t o dryness. The o i l y 
product was e x t r a c t e d w i t h d i e t h y l e t h e r t o remove any d i o l but i t 
c o u l d not be p u r i f i e d f u r t h e r by c r y s t a l l i s a t i o n . Gas chromatography 
o f the eth e r s o l u b l e f r a c t i o n i n d i c a t e d a m i x t u r e . G.L.C.,SE30 column, 
160** major component 7-5 minutes, two minor components, ">) max,3500(0H); 
1715(C=0);1450(C-C);1130(C-0);1030(C-C);765 ,735 cm""*-(C-C a r o m a t i c ) . 
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17. 9,9-Bismethylsulphonyloxymethylfluorene 
9,9-Bishydroxymethylfluorene(ll»3g;0-05 mol.) was d i s s o l v e d 
3 3 i n p y r i d i n e d O O cm ) and methanesulphonyl c h l o r i d e was added(17»2 cm ; 
25*3g;0*22 mol) dropwise w i t h s t i r r i n g . The m i x t u r e was heated under 
r e f l u x f o r 0*5 h r . under dry c o n d i t i o n s , poured i n t o water(300 cm^) 
3 
and e x t r a c t e d w i t h c h l o r o f o r m ( 2 x 200 cm ) . The c h l o r o f o r m s o l u t i o n 
was washed w i t h w ater(2 x 200 cm ) d r i e d , f i l t e r e d and evaporated t o 
dryness. The o i l y product was r e c r y s t a l l i s e d 3 times from methanol 
t o g i v e c o l o u r l e s s needles o f pure 9,9-bismethylsulphonyloxymethyl-
f l u o r e n e (6'9g;36%)m.p. 163 - 164",decomp.l67". Found: C,-;H, 
5-00,S,16-55;C„H,oO^S^ r e q u i r e s C,53-4;H,4*72;S,16-75%. V max. 1350, 
1/ iO D ^ 
1170(S=0 covalent sulphonate);950 cm' (S-0,C-0), 6'9,6H, s i n g l e t 
( C H ^ ) ; 5 ' 4 , 4 H , s i n g l e t ( C H 2 ) ; 2 - 2 , 8 H , m u l t i p l e t ( A r I i ) , 
18. 9,9-Bistoluene-4-sulphonyloxymethylfluorene 
9,9-Bishydroxymethylfluorene(A-8g;0-02 mol) was d i s s o l v e d 
3 
i n p y r i d i n e ( 1 2 5 cm ) and t o l u e n e - 4 - s u l p h o n y l c h l o r i d e added(16-lg;0-08 
mol) w i t h s t i r r i n g . The m i x t u r e was heated under r e f l u x f o r 2 h r , under 
dry c o n d i t i o n s , poured i n t o water(500 cm"^ ) and e x t r a c t e d w i t h e t h y l 
a c e t a t e ( 2 x 200 cm"^). The e t h y l a c e t a t e s o l u t i o n was washed w i t h water 
2 
(3 X 200 cm ) d r i e d , f i l t e r e d and evaporated t o dryness. The s o l i d 
product was r e c r y s t a l l i s e d t w i c e from e t h a n o l t o g i v e c o l o u r l e s s needles 
o f 9,9-bistoluene-4'-sulphonyloxymethylfluorene(7'8g;69%),m.p,138-139"> 
decomp. 171". Found:C,65-0;H,4-95;S,ll-85:C^„H^,0.S^ r e q u i r e s 0,65*2, 
H,4-87,S,12*00%. S) max.1360,1175(5=0 covalent sulphonate),970 
(S-0,C-0),865 cm'^(CH aroma t i c , p a r a - d i s u b s t i t u t i o n ) . 
Q7a 
19. 9-Methylfluorene 
A h i g h pressure autoclave was charged w i t h a s o l u t i o n o f 
sodium(10-2g;0-44 mol) and r e c r y s t a l l i s e d fluorene(50g;0*30 mol) i n 
a b s o l u t e methanol(200 cm"^). The apparatus was then sealed, s t i r r e d 
and heated t o 230* f o r 16 h r . I t was t h e n cooled and d i s m a n t l e d . 
E t h y l acetate(500 cm^) v/as added and the s o l u t i o n was washed w i t h water 
(2 x 300 dn"^), d r i e d , d e c o l o u r i s e d w i t h c h a r c o a l and evaporated t o 
dryness. The s o l i d product was r e c r y s t a l l i s e d t w i c e from methanol t o 
g i v e c o l o u r l e s s c r y s t a l s o f 9-methylfluorene(42-6g;79%) o f m e l t i n g p o i n t 
57 
4 4 - 4 6 ' ' ( l i t . ^ ^ ^ 46-47**). V max. 1445(CH;765,735 cm"^(C-C a r o m a t i c ) , 
^ 8-5, 3H,doublet,(CH^J=7Hz);6-0,lH,quadruplet(CH,J=7Hz);2-4,8H, 
m u l t i p l e t (ArH). 
20. 9-Hydroxymethyl-9-methyIfluorene 
a) 9 - M e t h y l f l u o r e n e ( l ' 0 g ; 0 * 0 1 mol) was d i s s o l v e d i n hexamethyl-
p h o s p h o r i c t r i a m i d e ( 2 5 cm"^ ) and s t i r r e d at 2** w h i l e n i t r o g e n gas was 
bubbled through f o r 0-5 h r . Parafonnaldehyde(0*23g,0*01 mol.) was 
suspended'in more hexamethylphosphorictriamide(20 cm^) and sodium 
e t h o x i d e i n dry ethanol(0'6 cm ,2»85 raol-dm ) was added. This m i x t u r e 
was t h e n added s l o w l y t o the s o l u t i o n o f m e t h y l f l u o r e n e . A f t e r 2*3 min,, 
the r e a c t i o n was stopped by adding c o n c e n t r a t e d h y d r o c h l o r i c a c i d 
3 - 3 3 (0'6 cm ;11'6 raol .dm ) and p o u r i n g the m i x t u r e i n t o water(250 cm ) . 
The product was e x t r a c t e d i n t o e t h y l a c e t a t e ( 2 x 50 cra"^) washed w i t h 
w a t e r ( 3 x 50 cm"^), d r i e d and f i l t e r e d . The f i l t r a t e was evaporated t o 
dryness and the o i l y product was r e c r y s t a l l i s e d from petroKlOO-120** 
f r a c t i o n ) t o g i v e pure 9-hydroxymethyl-9-methylfluorene(l'Og ; 8 7 y o ) , 
m.p.146-150*. Found °^/e 210;C,85*6,H,6-90:C^^ H^^ 0^ r e q u i r e s °^/e 210; 
C,85-7;H,6-67%. max .3400(OH);1450(CH);1060,1040(C-0,C-C);735 cra'^ 
(C-C a r o m a t i c ) .t8-5,3H,singlet(CH^);6-3,2H.singlet(CH2);5-8,lH,broad 
s i n g l e t ( O H ) ; 2 - 4 , 8 H , r a u l t i p l e t ( A r H ) . °^/e 210(22),180(46),179(100),178 
(3 6 ) , 1 6 5 ( 1 6 % ) . 
b) 9-Methylfluorene(10*8g;0*06 mol)was d i s s o l v e d i n d i m e t h y l -
formamide(140 cm^) and s t i r r e d a t 2" w h i l e n i t r o g e n gas was bubbled 
through f o r 0'5hr. Paraformaldehyde(2'5g.0'08 mol.) was suspended i n 
more diinethylformamide(140 cm^) and sodium e t h o x i d e i n d r y e t h a n o l 
3 3 
{2'5 cm ; 2*85 mol.dm ) was added. This m i x t u r e was then added 
s l o w l y t o the m e t h y l f l u o r e n e s o l u t i o n . A f t e r I'Smin. the r e a c t i o n 
was stopped by adding concentrated h y d r o c h l o r i c a c i d ( 2 ' 5 cm'^;ll*6 mol. -3 3 dm ) and p o u r i n g the m i x t u r e i n t o waterdOOO cm ) . The product was 
e x t r a c t e d w i t h e t h y l a c e t a t e ( 2 x 200 cm^) washed w i t h w a t e r ( 3 x 100 cm^) 
d r i e d and f i l t e r e d . The f i l t r a t e was evaporated t o dryness and the 
product r e c r y s t a l l i s e d from benzene t o g i v e 9-hydroxymethyl-9-methyl-
fluorene(10*8g;85%),m.p.146-149. 
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21. B e n z i l i c A c i d ^ ^ ^ 
Sodium hydroxide ( 5 8 * 0 g ; 1 ' 4 4 mol) and sodium bromate (13*2g; 
0*09 mol) were d i s s o l v e d i n water ( 1 0 0 cm^) and ben2oin ( 5 3 ' 0 g ; 0 ' 2 5 mol) 
was added s l o w l y w i t h s t i r r i n g . The m i x t u r e was then heated t o 85* 
f o r 5 h r . As the r e a c t i o n proceeded, the m i x t u r e t h i c k e n e d and more 
water ( 9 0 cm^) was added p o r t i o n w i s e , as a p p r o p r i a t e . When a t e s t sample 
was completely water s o l u b l e , the m i x t u r e was d i l u t e d w i t h water ( 6 0 0 cm ) 
and kept a t 25* f o r 12 hr. The m i x t u r e was f i l t e r e d t o remove i m p u r i t i e s 
and d i l u t e s u l p h u r i c acid ( 1 6 0 cm"^  o f 3 : 1/water:acid) was added t o t h e 
f i l t r a t e t o a p o i n t s h o r t o f the l i b e r a t i o n o f bromine. The p r e c i p i t a t e 
was i s o l a t e d by f i l t r a t i o n , washed w i t h w a t e r , and d r i e d t o g i v e b e n z i l i c 
acid ( 5 2 » 9 g ; 9 3 7 o ) w i t h m.p. 148-150*. T h i s was p u r i f i e d by r e c r y s t a l l i s a t i o n 
from benzene t o g i v e product of m.p. 1 5 0 - 1 5 1 * ( l i t ] ' ^ ^ 1 5 0 ° ) . 
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22. F l u o r e n e - 9 - c a r b o x y l i c a c i d 
B e n z i l i c acid(45"6g;0'2 mol) was suspended i n anhydrous thiophene 
f r e e benzene(700 cm"^ ) w i t h s t i r r i n g under d r y c o n d i t i o n s u n t i l a 
c r y s t a l l i n e mass r e s u l t e d . Anhydrous aluminium chloride(80*Og;0 * 6 mol) 
was added and the s t i r r e d m i x t u r e was heated under r e f l u x f o r 3 h r . The 
s o l u t i o n was cooled and decomposed by the c a u t i o u s a d d i t i o n o f s m a l l 
pieces o f i c e f o l l o w e d by c o l d water(400 cm ) and then concentrated 
h y d r o c h l o r i c acid(200 cm^;ll * 6 moL dm ^ ) . Benzene was removed by 
eva p o r a t i o n and the product i s o l a t e d by f i l t r a t i o n . The lumps o f product 
were crushed and e x t r a c t e d t w i c e w i t h b o i l i n g aqueous sodium carbonate 
3 -3 
(2 X 300 cm ;0*94 mol dm ) . The m i x t u r e was f i l t e r e d , c o o l e d , and t h e 
f i l t r a t e was a c i d i f i e d w i t h c o l d c o n c e n t r a t e d h y d r o c h l o r i c a c i d . The 
s o l i d product was i s o l a t e d by f i l t r a t i o n , washed w i t h water u n t i l the 
f i l t r a t e was n e u t r a l , d r i e d , and r e c r y s t a l l i s e d from a c e t i c a c i d t o g i v e -
cream c r y s t a l s of f l u o r e n e - 9 - c a r b o x y l i c acid(23•5g;567o),m.p. 230-232* 
( l i t . ^ ^ ^ 230-231*). 
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23. 9-Hydroxymethylfluorene-9-carboxylic a c i d 
F l u o r e n e - 9 - c a r b o x y l i c acid(17*2;0'08 mol) was mixed w i t h 
3 3 - 3 methanol(41 cm ) and aqueous sodium hy d r o x i d e ( 4 1 0 cm ;2'5 mol , dm ) 
3 -3 
fo l l o w e d by formaldehyde s o l u t i o n ( 2 0 5 cm );13*3 mol .dm ) . The m i x t u r e 
was kept a t 25* f o r 96 hr. then cooled t o 0*, f i r s t n e u t r a l i s e d and then 
a c i d i f i e d w i t h c o l d concentrated h y d r o c h l o r i c acid(ll»6 mol .dm ) . 
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The s o l i d product which separated v;as i s o l a t e d by f i l t r a t i o n , washed 
w i t h water u n t i l the f i l t r a t e was n e u t r a l , d r i e d and r e c r y s t a l l i s e d from 
benzene t o g i v e crude 9 - h y d r o x y m e t h y l f l u o r e n e - 9 - c a r b o x y l i c a c i d 
(ll"6g ;597o) w i t h m.p. 156-160*. A f u r t h e r f o u r r e c r y s t a l l i s a t i o n s , from 
c h l o r o f o r m gave pure m a t e r i a l ( 6 • 2 g ; 3 1 % ) , m.p. 157-5-158*5**(lit. 157-
158*). Found: °^^e 240;C,75-15;H,5*00;calculated f o r (^i^\2'^3 ^/e 240' 
C,75*0;H,5*00% . T 6 ' l , 2 H , s i n g l e t ( C H 2 ) ; 2 - 4 , 9 H , m u l t i p l e t ( A r H , H bonded OH). 
°^*"/e 240(2)210(35) ,166(52) ,165(100) ,164(31) ,163(23) ,29(19%) , 
metastable peak a t 131. 
24. Methyl Fluorene-9-carboxylate^^''^ 
F l u o r e n e - 9 - c a r b o x y l i c a c i d ( 2 1 * 0 g ; 0 * l raol) was suspended i n 
dichloromethane(200 cm"') and methanol(9*6g;0'3 mol) was added f o l l o w e d 
by concentrated s u l p h u r i c a c i d ( l ' 5 cm^;10*0 mol. dm ^ ) . The m i x t u r e was 
heated under r e f l u x f o r 10 h r . , cooled, washed w i t h aqueous carbonate 
3 - 3 
(2 X 100 cm ;0'94 mol.dm ) , d r i e d and f i l t e r e d . The f i l t r a t e was 
evaporated t o dryness and the product r e c r y s t a l l i s e d from p e t r o l 
(40-60* f r a c t i o n ) t o g i v e methyl fluorene-9-carboxylate(16*Og;71%) 
w i t h m.p. 64-5-65'5*(lit.^^^® 64-65*). X max. 209(36,800);265nm 
( e 18,500). 
25. Methyl 9- Hyd r o x y m e t h y l f l u o r e n 3 - 9 - c a r b o x y l a t e 
Methyl fluorene-9-carboxylate(1'Og;0*004 mol^ was d i s s o l v e d 
i n a c e t o n i t i l e ( 2 5 cm^) and cooled t o 2* w h i l s t n i t r o g e n gas was bubbled 
through f o r 0*3 h r . Paraformaldehyde(0'2g;0'004 molO was suspended i n 
3 3 more a c e t o n i t r i l e d O cm ) and aqueous benzyltrimethylammonium hydroxide(0.5cm , 
2.6mol.dra-^) added. The suspension was then added s l o w l y t o the methyl 
f l u o r e n e - 9 - c a r b o x y l a t e s o l u t i o n . A f t e r 2 min., the r e a c t i o n was stopped 
by adding concentrated h y d r o c h l o r i c a c i d ( 0 ' 5 cm ,11-6 mol. dm ) , the 
s o l u t i o n was f i l t e r e d , poured i n t o w a t e r , and kept a t 25* f o r 12 h r . 
The product was i s o l a t e d by f i l t r a t i o n , washed, d r i e d and r e c r y s t a l l i s e d 
t h r e e times from p e t r o l ( 6 0 - 8 0 * f r a c t i o n ) t o g i v e methyl 9-hydroxymethyl 
f l u o r e n e - 9 - c a r b o x y l a t e ( 0 - 2 g ; 1 8 % ) w i t h m.p. 119-120*. Found: C,75-58:H, 
5-85;C,^H,,0^ r e q u i r e s C,75-6;H,5-51%. ^ max.3840(OH);1725(C=0) ;1450 
lb J 
(CH);1235(C-0);735 cm (C-C ar o m a t i c ) A max.210(29,500);267nm(6 15,000). 
T 6-4,3H,singlet(CH^);6-l,2H,doublet (ai2,j=9 Hz);4-6,1H, t r i p l e t ( 0 H , J = 9 Hz); 
2* 4 , 8 H , m u l t i p l e t ( A r - H ) . 
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(0H,CH,J=7 Hz);2-4,8H,multiplet(ArH).°*^/e 254(1)^93(18) ,192(100) ,191 
26. 9 , 9 ' B i s - l ' - Hydrox>ethylfluorene^^ 
Fluorene(2*0g;0*01 mol) was d i s s o l v e d i n dimethylformamide 
(40 cm ) and cooled t o -15" w h i l s t n i t r o g e n gas was bubbled through 
f o r 0*5 h r . Acetaldehyde(2 cm ;l*6g;0*04 mol) was d i s s o l v e d i n more 
dijnethylformamide(40 cm ) and cooled t o -15". Sodium e t h o x i d e i n 
dry e t h a n o l d cm ;2'85 mol. dm ) was added t o t h e f l u o r e n e s o l u t i o n 
f o l l o w e d by the acetaldehyde s o l u t i o n . More sodium et h o x i d e s o l u t i o n 
(3 cm ; 2*85 mol. dm ) was added as the c o l o u r o f the s o l u t i o n faded 
u n t i l no more c o l o u r was produced. The r e a c t i o n was stopped by p o u r i n g 
the m i x t u r e i n t o d i l u t e h y d r o c h l o r i c a c i d ( 5 0 0 cm ) and the product was 
e x t r a c t e d w i t h e t h y l a c e t a t e ( 2 x 200 cm*^). The e t h y l a c e t a t e s o l u t i o n 
was washed w i t h w a t e r ( 3 x 100 cm^), d r i e d , and f i l t e r e d . The f i l t r a t e 
was evaporated t o dryness and the o i l y p roduct c r y s t a l l i s e d from 
benzene t o g i v e c o l o u r l e s s c r y s t a l s o f 9 , 9 - b i s - 1 ' - h y d r o x y e t h y l f l u o r e n e 
(0*36g;12%) w i t h m.p. 1 5 5 - 1 5 7 " ( l i t . 1 5 7 - 1 5 8 " ) . F u r t h e r r e c r y s t a l l i s a t i o n 
from benzene gave m a t e r i a l o f m.p. 157-158". max.3380(0H),1450(CH), 
1130,1085,1050(C-0,C-C) ;755,735 cm'"^(C-C a r o m a t i c ) . X 5 • 13, 4 H , m u l t i p l e t 
;2-4,8H,multip 
(21),166(24).165(31),43(13%) . 
5*3 RING SUBSTITUTED DERIVATIVES 
27. 9 , 9 ' B i s a c e t o x y m e t h y l - 2 - n i t r o f l u o r e n e 
9,9-Bisacetoxymethylfluorene(12*4g;0*04 mol) was d i s s o l v e d 
3 
i n a c e t i c anhydride(150 cm ) and cooled t o 10". Concentrated n i t r i c 
a c i d ( 5 c m ^ ; l l ' l mol.dm ^) was added dropwise w i t h s t i r r i n g over 0*5 hr 
at 10". The m i x t u r e was kept a t 10* f o r a f u r t h e r h r . t h e n poured i n t o 
ice/water(1000 cm^) and s t i r r e d u n t i l a l l t h e a c e t i c anhydride had 
hydrolysed. The product was i s o l a t e d by f i l t r a t i o n , d r i e d and 
r e c r y s t a l l i s e d from e t h a n o l t o g i v e y e l l o w c r y s t a l s of 9,9-bisacetoxy-
m e t h y l - 2 - n i t r o f l u o r e n e (11•2g;79%)/n.p.115-116". A f u r t h e r r e c r y s t a l -
l i s a t i o n from petrol(80-100° f r a c t i p n ) g a v e m a t e r i a l w i t h m.p. 113-119". 
Found: ^/e 355;C,64*10,H.4'85;N,4-05;C^gH^^NO^ r e q u i r e s ^/e 355;C, 
64*3;H,4-78;N,3-94%. V max.l730(C=0);1520,1335(N02);1245(C-0);1040 
cm'^(C-C). X max.207(31,100) ;256(11,200) ;325nm( e 13,600). T8-1,6H, 





R e c r y s t a l l i s e d Fluorene(30g;0*18 mol)v;a5 suspended i n 
g l a c i a l a c e t i c acid(250 cm ) and warmed to 50* when concentrated 
n i t r i c acid(40 cm'^;ll"l mol .dm ^ ) was added dropwise with s t i r r i n g 
over 0*3 hr. The temperature was r a i s e d to 85** and held there for 
5 mln.; the solution was then cooled. The s o l i d product was is o l a t e d 
by f i l t r a t i o n , washed with cold g l a c i a l a c t i o a c i d , water then d r i e d , 
and r e c r y s t a l l i s e d from ethanol to give pure 2-nitrofluorene(31'0g; 
907o),m.p.l61-162«(lit. ^ ^157«). ^ max. 1525(N02) ,1340(NO2) .750 cra'^ 
(C-C aromatic). X max.207(28,500) ;233(9,500) ;330 nm( e 20,800). 
29. 9>9'Bishydroxymethyl -2-nitrofluorene 
a) 9 ,9-Bisacetoxymethyl-2-nitro£luorene(2'0gi0'006 mol) was 
dissolved i n acetone (50 cm^) and d i l u t e hydrochloride acid ( 2 0 cm^, 
1-4 mol.dm ^) was added. The solu t i o n was heated under re f l u x for 
6*5 hr. poured into water and the product i s o l a t e d by f i l t r a t i o n . 
The material was r e c r y s t a l l i s e d from benzene to give pale yellow 
c r y s t a l s of 9 , 9-bishydroxymethyl - 2-nitrGfluorene (0-95g;587o),m.p. 
167-169". Found "^/e 271;C,66•7 ,H,4-85;N,5-00;C,^H,^NO, requires 
m+ 15"13 4 /e 271;C,66-5,H,4-80;N,5-1770. N max.3340(OH) , 1520(N02) 1340(N02) 
1025(C-0,C-C),740 cm'"^(C-C aromatic). X max.207(21,200) ;235(5,600) ; 
332 nm(e 11,500). °*^ /e 271(6),224(22),223(100),194(20) , 193(26),177 
(20),166(18),165(48%),metastable peak at 141 
b) 2-Nitrofluorene(l'0g;0'005 mol)previously p u r i f i e d by column 
chromatography, was dissolved i n hexamethylphosphorictriamide(30 cm*^ ) 
and s t i r r e d at 3** v j h i l s t nitrogen gas was bubbled through for 0*5 hr. 
Paraformaldehyde(0-5g;0'015 moL) was suspended in more hexamethylphos-
3 3 phorictriamide(10 cm )and sodium ethoxide i n dry e t h a n o l ( l an ,2*85 nol . 
dm •^)was added. The suspension was added to the 2-nitrofluorene 
solution and the mixture s t i r r e d for 2*3 minutes. Concentrated hydro-
c h l o r i c a c i d d cra^;ll*6 mol. dm ^) was added and the mixture poured into 
water(250 cm^). The product was extracted with e t h y l acetate(100 cm*^), 
washed with water(3 x 100 cm*^), dried, f i l t e r e d and evaporated to dryness 
The s o l i d product was r e c r y s t a l l i s e d from benzene to give pure 
9,9-bishydroxyraethyl-2-nitrofluorene (l.Og; <707o, v a r i a b l e ) w i t h m.p. 
169-170". 
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c ) 2-Nitrofluorene(8*0g:0-04 moLJwas suspended i n a c e t o n i t r i l e 
(240 cm"^ ) and s t i r r e d at w h i l s t nitrogen gas was bubbled through 
for 0*5 hr. Paraformaldehyde(4'0g;0'12 moljwas suspended in more 
a c e t o n i t r i l e d O cm )and an aqueous solution of benzyltrimethylammonium 
hydroxide(2 cm ,2*6 mol.dm )was added. This suspension was added slowly 
to the 2-nitrofluorene suspension. After 2*5 min.,concentrated hydro-
c h l o r i c acid(2 cm"^,ll'6 mol.dm ^) was added and the mixture poured into 
3 3 water(2000 cm ) . The product was extracted with e t h y l acetate(500 cm ) , 
washed with water(3 x 250 era ),dried, and evaporated to dryness. The 
s o l i d product was r e c r y s t a l l i s e d from benzene to give 9^g-bishydroxy-
methyl-2-nitrof luorene (8'0g;717o) , m.p. 167-168**. 
30. 2-Amino-9,9-bishydroxymethyIfluorene 
a) 9,9-Bishydroxymethyl-2-nitrofluorene(4*Og;0'015 mol)was dissolved 
i n ethanol(50 cm^)and pal l a d i s e d charcoal(0'02g;10% palladium) added 
follo^^ed by hydrazine hydrate(0'5 cm'^;0"08 moL) . The mixture was heated 
under r e f l u x for 6 hr. and the samples were tested at i n t e r v a l s for the 
presence of nitro-groups using titanium t r i c h l o r i d e s o l u t i o n . More 
hydrazine hydrate(l'0 cm ;0'16 mol.)and pal l a d i s e d charcoal(0"02g)were 
added a f t e r 2 hrs. The mixture was cooled, f i l t e r e d and evaporated to 
dryness. The s o l i d product was washed with chloroform and dried, giving 
2-amino-939-bishydroxymethylfluorene (2'7g;74%),in.p. 216-218". Further 
r e c r y s t a l l i s a t i o n from benzene gave m a t e r i a l with m,p.218-220**. Found: 
°^e 241;C,74'5;H,6-35,N,6-00;C^^H^^N02 requires '"^ 241; C, 74-7 ,H,6' 23 , 
N,5'81%. ^ max.35O0(NH2),34OO(OH)162O(NH2),146O(OH),1035,1025(C-0,C-N), 
745 cm'^(C-C aromatic). X max.210(27,300)293 nm(e 20,100). "^/e 241(97), 
210(23^194(20),193(100)182(34),181(34),180(49),165(34%). 
b) 9,9-bishydroxymethyl-2-nitrofluorene(4*0g;0*015 mol) was 
dissolved in ethanoKlOO cm'')by v/arraingand p a l l a d i s e d charcoal(0-02g; 
10% palladium)added. The mixture was purged with nitrogen gas and then 
hydrogen gas was bubbled through slowly for 5 hr. The solution was then 
f i l t e r e d and the f i l t r a t e evaporated to dryness. The s o l i d product was 
washed with chloroform to give 2-amino-9,9-bishydroxymethylfluorene 
(3'0g;86%)with m.p.208-212**. Further r e c r y s t a l l i s a t i o n from benzene gave 
material with m.p.218-220**. 
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31. 2-Amino-9,9-bishydroxymethylfluorene Toluene-4'-sulphonate 
2-Amino-9,9-bishydroxymethylfluorene(2'7g;0*01 mol)was 
dissolved i n ethylacetace(100 cm^). To t h i s s o l u t i o n was added an 
excess of a solution of toluene-4-sulphonic a c i d i n e t h y l acetate. 
The white p r e c i p i t a t e was i s o l a t e d by f i l t r a t i o n , d r i e d and r e c r y s t a l l i s e d 
from methanol/ethyl acetate to give colou r l e s s plates of 2-ainino-9,9-
bishydroxymethylfluorene toluene-4*-sulphonate (l'0g;24%),m,p.231-233*. 
Found: C,63• 7 5 ; H , 5 • 7 5 ; N , 3 - 2 0 ; S » 7 - 8 0 : r e q u i r e s C,64-0;H,5-58; 
N,3'39;S,7-75%). 
32. 2-Amino-9,9-bishydroxymethylfluorene Hydrochloride 
2-Ainino-9,9-bishydroxymethylfluorene(15*3g;0*O6 mol)was 
dissolved i n methanol(200 cm"^ ) and cooled toO*. Hydrogen chloride gas 
(17'lg;0'47 moDwas then bubbled through the s o l u t i o n for 5 mins. The 
solution was decolourised with a c t i v a t e d charcoal and the f i l t r a t e 
evaporated to dryness. The product was r e c r y s t a l l i s e d three times from 
methanol/ethyl acetate to give 2-amino-9a9-bishydroxymethyIfluorene 
hydrochloride (5-6g;32%) ,ra.p. 251** decomp. Found: C,64-5;H,5'85;C1, 




moDwas dissolved i n d i l u t e hydrochloric acid(34 cm ;1*4 mol.dm ) and 
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cooled to 5^. Aqueous sodium n i t r a t e ( 3 0 cm ;0*83 mol.dm )was added 
dropwise with s t i r r i n g . The so l u t i o n was tested with starch/iodine 
paper and found to be p o s i t i v e . Cuprous chloride(2*9g;0*022 mol) was 
dissolved i n concentrated hydrochloric acid(12 cm ;11'6 mol.dm )and 
cooled below 5**. To t h i s solution was added the cold diazonium s a l t 
s olution, dropwise with s t i r r i n g , maintaining the temperature below 
10**. The mixture was kept beloT.7 lO** for 0*5hr. then allowed to warm 
to 25®. The product was extracted with e t h y l acetate(200 cm^)washed 
with d i l u t e hydrochloric acid(100 cm ) , water, d i l u t e sodium hydroxide 
(100 cm ) , water, then dried, f i l t e r e d and the f i l t r a t e evaporated to 
dryness. The s o l i d product was dissolved i n ethanol and treated twice 
with activated charcoal;then the solution was re-evaporated. 
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The product was r e c r y s t a l l i s e d from benzene Co give 2-chloro-9 
bishydroxymethylfluorene (5*0g;89%) ,ra.p. 162-163**. Found: ™^/e262; 
C,69-5;H,4-75;C1,13'30;C^3 H^^ CI 0^ re q u i r e s "^/e 262;C,69-1;H, 
4*99;C1.13'6%. V max. 3330(OH),1295 cm"^(OH,C-0). X max.209(39,600); 
272(26,000),305 nm.(e 8,400). T 6'2, 4H,singlet,CH^;5•1, 2H , t r i p l e t 
(OH, disappears on D^ O addition;J = 6 Hz);2-4.7H,multiplet(Ar-H). 
"^/e 262(5),260(16),214(34),213(16),212(100),194(27),166(23),165(57), 
163(14%),metastable peaks at 136, 143 and 148. 
34. 2-Bromofluorene^^ 
R e c r y s t a l l i s e d fluorene(35*Og,0'21 mol.) was d i s s o l v e d i n 
chloroform(300 cm ) and cooled to 2**. Bromine(37*2g;0*23 mol) was added 
over 0*5 hr. and the sol u t i o n kept at 25* for 48 hr. The sol u t i o n was 
then washed with water u n t i l the water was ne u t r a l , dried, f i l t e r e d , and 
the f i l t r a t e evaporated to dryness. The s o l i d product was r e c r y s t a l l i s e d 
twice from othanol to give pure 2-bromof luorene( 16'0; 74%) ,ra. p.99-102** 
( l i t . ^^ "^  110-111.5*). 
35. 2-Bromo-9 j9-bishydroxymethylfluorene 
R e c r y s t a l l i s e d 2-bromofluorene(l'0g;0'004 mol) was dissolved 
In dimethylformamide(25 cm ) and cooled to 2® w h i l s t nitrogen gas was 
bubbled through with s t i r r i n g for 0*3 hr. Paraformaldehyde(0'6g;0"02 mol.) 
was suspended i n more dimethylformamide(5 cm^) and cooled to 2°. To t h i s 
was added aqueous benzyltrimethylaramonium hydroxide(0'5 cm'',2*6 mol.dm 
the r e s u l t i n g suspension was added slowly to the bromofluorene s o l u t i o n . 
After 1 min. the reaction was stopped by adding concentrated hydrochloric. 
acid(0"5 cm"',11*6 mol, dm ^) and pouring the mixture into water( 100 cm*'). 
The product was extracted into e t h y l acetate(2 x 25 cm^), washed with 
water(2 x 25 cm"'),dried, f i l t e r e d and the f i l t r a t e evaporated to dryness. 
The o i l y product c r y s t a l l i s e d and the s o l i d was r e c r y s t a l l i s e d three times 
from benzene to give c:olourless c r y s t a l s of 2-bromo-9,9-bishydroxymethyl-
fluorene (0-34g;27%) ,m.p. 149-151**. Found: "^/e306;C,58-85;H,4-40,Br, 
26-00,0^^ H^^BrO^ requires ^ / e 306;C,59*0,H,4-26,Br,26-2%, T 6-3,4H, 
quadruplets(CH-,J ^„ =2Hz ,J(unknown)6 H z ) ; 5 • 1 , 2 H , t r i p l e t ( 0 H , J = 7 H z ) ; 
Z OH LHI 
2-4,7H,complex multiplet(Ar-H). "^/e 306(14),258(76),256(74),195(20)194 
(51),166(40),165(100).163(21%) ,metastable peaks at 216,142,122,111. 
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112 36- 2,7-DiacetyIfluorene 
2,7-Diacetyl£luorene was i s o l a t e d as a by-product from the 
preparation of 2-acetylfluorene by the F r i e d e l C r a f t s r e a c t i o n of a c e t i c 
anhydride on fluorene. The crude 2-acetylfluorene was d i s s o l v e d i n carbon 
disulphide and the solution f i l t e r e d . The residue was r e c r y s t a l l i s e d 
twice from ethanol to give 2,7-diacetylfluorene(3*4g;5'7%). m.p.181-182* 
( l i t . ^ ^ ^ 183-184*). X max.209(29,900),325 nm(£ 35,500). 
37. 2,7-Diacety1-9,9-bishydroxymethyl£luorene 
2,7-Diacetylfluorene(l"0g;0'004 mol) was diss o l v e d i n hexamethyl-
phosphoric triamide(30 cm^)and cooled to 3*. The so l u t i o n was s t i r r e d and 
nitrogen gas was bubbled through for 0'3 hr. Paraformaldehyde(0'33g;0*01 
moDwas suspended in more hexamethylphosphorictriamide(10 cm^) and sodium 
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ethoxide i n dry ethanol(0*5 cm ,2*85 mol. dm )was added. This suspension 
was added slowly to the d i a c e t y l f l u o r e n e s o l u t i o n . After 2*5 min. the 
reaction was stopped by adding hydrochloric a c i d ( l cm^;ll*6 mol.dm ^) and 
pouring the mixture into water(250 cm ) . The product was extracted with 3 3 ethyl acetate . (2x 50cm ) and the so l u t i o n V7as washed with water(2 x 50cm ) , 
dried, f i l t e r e d and the f i l t r a t e evaporated to dryness. The s o l i d product 
was r e c r y s t a l l i s e d from benzene to give pale brown needles of 2,7-diacetyl-
9,9-bishydroxymethylfluorene (0-3g;24%), m.p.216-218'*. Found: °^/e 310; 
C,74-0;H,6-0,C^^H^gO^ requires °^/e 310;C,73'6;H,5-81. 'O max.3450(0H), 
1730(C=0),1615(C-C arDraatic),1470(CH,OH)1300 cm"-^(aromatic ketone). X max. 
209(27,60 
43(1007o). 
( 7, 0),321 nm( € 28,600). ""*"/e 310(8) ,263(15) ,262(60) ,247(60) ,165(13) , 
CO 
38. 4-Nitrofluorene 
R e c r y s t a l l i s e d fluorene(33•2g;0"2 mol)was suspended i n a c e t i c 
3 3 -3 anhydride(400 cm ) . Concentrated n i t r i c acid(14 cm ;11'1 mol.dm ) was 
added dropwise with s t i r r i n g to more a c e t i c anhydride(400 cm )keeping the 
temperature below 30**. The l a t t e r s o l u t i o n of a c e t y l n i t r a t e was then 
added over 0*5 hr. to the s t i r r e d s o l u t i o n of fluorene keeping the temperature 
below 30*. The mixture was kept at 25" for 48 h r s , then poured into i c e / 
water and s t i r r e d u n t i l a l l the a c e t i c anhydride had hydrolysed. The s o l i d 
product was i s o l a t e d by f i l t r a t i o n , washed with water and d r i e d . The dry 
nitrofluorene was extracted with hot petrol(80-lOO* f r a c t i o n , 1000 cm"^ ) 
and the petrol solution containing 4-nitrofluorene was concentrated by 
evaporation and added to a b a s i c alumina chromatography column. 
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This was then eluted with petrol(60-80** f r a c t i o n ) and the 4-nitrofluorene 
was c o l l e c t e d a f t e r any unreacted fluorene. The 4-nitrofluorene f r a c t i o n s 
were evaporated to dryness and the s o l i d product r e c r y s t a l l i s e d from petr o l 
(40-60** f r a c t i o n ) to give pale yellow needles of 4-nitrof luorene(3•5g;87o) , 
m.p. 75-76*(lit.^® 75-77*). X max.210(28,200),233(16,400),338 nm(€ 4,800). 
39. 9,9-Bishydroxymethyl-4-nitrofluorene 
R e c r y s t a l l i s e d 4-nitrofluorene(0'5g;,0-002 moljwas dissolved 
in a c e t o n i t r i l e ( 15 cm*^)and nitrogen gas was bubbled through for 0*3hr. 
The mixture was cooled to 0** and a suspension of paraformaldehyde(0*5g; 
0"02 mol.) and aqueous benzyltrimethylammonium hydroxide(0.3cm ,2*6 mol. 
dm '^)in more a c e t o n i t r i l e ( 10cm^)was added over 0*5 min. Af t e r 1-5 min. , 
the reaction was stopped by adding concentrated hydrochloric acid(0'5 cm ; -3 3 11*6 mol.dm ) and pouring the mixture into water(250 cm ) . The product 
was extracted into e t h y l acetate(2 x 100 cm^) , and the solu t i o n was washed 
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with water(4 x 100 cm ),then dried, f i l t e r e d , and the f i l t r a t e evaporated 
to dryness. The s o l i d product was r e c r y s t a l l i s e d from benzene/petrol 
(80-100* f r a c t i o n ) t o give yellow c r y s t a l s of 9,9-bishydroxymethyl-4-
n i t r o f luorene(0'3g;47%) ,m.p. 126-129*. Found: ^ / e 271;C,66-6;H,4-70; 
N,5-30;C^^H^3NO^ requires °^/e 271;C,66-4;H,4•80;N,5"17%. \) max.3310(OH), 
152O(N02),1345(NO2),106O cm"^(C-0,C-C). X max, 210(27,900),238(11,500), 
340 nm. (e 3,800). t 6•1,4H.doublet(CH^=4Hz);5•1,2H,triplet(OH disappears 
on D2O a d d i t i o n , J ^ 2 = ^ Hz) ;2-3,7H,mult iplet(Ar-H) . /e 271(10) ,224(37) , 
223(98),194(20U77(23),166(30),165(100),164(27),43(24%). 
40. Fluorenone-4-carboxylic acid^^*^ 
Diphenic acid(80g;0-30 mol)cx. Koch-Light was mixed with 
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concentrated sulphuric acid(30 cm ;10*0 mol.dm ) to make a thic k paste 
and heated slowly to 130*. The so l u t i o n was held at t h i s temperature 
for 10 mins. then allowed to cool and poured into water(1000 cm*'). The 
pr e c i p i t a t e was i s o l a t e d by f i l t r a t i o n , washed with water and r e c r y s t a l l i s e d 
from ethanol to give golden yellow needles of fluorenone-4-carboxylic a c i d 
(57-9g;78%),m.p.225-228*(lit.'^^'' 227*). 
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114 41. Fluorene-4-carboxylic acid 
Fluorene-4-carboxylic acid was prepared using the method of 
114 
Bergmann and Orchin but using ethylene g l y c o l as solvent. The product 
was r e c r y s t a l l i s e d from benzene to give fluorene-4-carboxylic acid(39'9g;85%), 
m.p. 195-197**(lit, 191-192**). 
42. Methyl Fluorene-4-carboxylate^^^ 
Fluorene-4-carboxylic a c i d was e s t e r i f i e d using the method of 
F i s c h e r . The product was r e c r y s t a l l i s e d from methanol/water to give 
methyl fluorene-4-carboxylate(7-2g;64%)with m.p.63-65*(lit.^^^63•5-64*5**) 
X max.210(32,900),265(13,000),312 nm(e 8,400). 
43. Methyl 9,9-Bishydroxymethylfluorene-4-carboxylate 
Methyl fluorene-4-carboxylate(l'lg;0"0O5 mol) was dissolved in 
dimethylformamide(25 cm^)and cooled to 2*. The s o l u t i o n was s t i r r e d 
and nitrogen gas was bubbled through for 0-3 hr. Paraformaldehyde 
(0'5g;0'02 molOwas suspended in more dimethylformamide(5 cm^)and.sodium 
ethoxide in dry e t h a n o K l cm ;2'85 raol.dm )was added. The suspension 
was added to the fluorene carboxylate s o l u t i o n slowly. A f t e r 1 minute 
the reaction was stopped by adding concentrated hydrochloric a c i d ( l cm ; 
11*6 mol.dm ^)and pouring the solution into water(250 cm^). The product 
was extracted into e t h y l acetate(2 x 50 cm^), and the solution was washed 
with water(2 x 50 cra^),dried, f i l t e r e d , and the f i l t r a t e evaporated to 
dryness. The o i l y product was c r y s t a l l i s e d from benzene/petrol then 
r e c r y s t a l l i s e d from benzene to give c o l o u r l e s s c r y s t a l s of pure methyl-
9,9-bishydroxymethylf luorene-4-carboxylate (0-5g;36%) ,m.p. 128-129**. 
Found: ^^/e 284;C,72-05;H,5-55,C^yH^^O^ r e q u i r e s °*^ /e 284;C,71-8;H, 
5-64%. X max. 212(29,500):267(11,100);312 nm.(t 7,200). "^/e 284(2), 
237(17),236(100),224(15),221,(22),205(27),177(19), 166(19), 165(63),163(17%); 
metastable peaks at 141 and 197. 
5.4 METHYL 2-CHIjORO-9-HYDROXYMETHYLFLUORENE-9-CARBOXYLATE 
44. Methyl 2-Chlorofluorene-9-carboxylate^^^ 
Methyl fluorene-9-carboxylate(26'0g;0'12 mol.)was dissolved in 
l,2-epoxypropane(200 cm'^)and s t i r r e d at -5**. Chlorine gas(ll*0g;0*16 mol.) 
was added slowly and the mixture s t i r r e d for 0'5hr.,and then allowed to 
warm to 25*. The solution was evaporated to dryness and the o i l y product 
was extracted with d i e t h y l ether. 
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The ether s o l u t i o n was f i l t e r e d and the f i l t r a t e evaporated to dryness 
and, r e c r y s t a l l i s e d from cyclohexane to give crude methyl 2-chlorofluorene-
9-carboxylate(9'5g;31%) with m.p. 84-87*. Treatment with a c t i v a t e d charcoal 
in methanol and further r e c r y s t a l l i s a t i o n from petrol(60-80* f r a c t i o n ) 
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gave pure material(4'0g; 13%) with m.p. 90-92**(lit. 89-90*). 
45. Methyl 2-Chloro-9-hydroxymethylfluorene-9-carboxylate 
Methyl 2-chlorofluorene-9-carboxylate(4'4g;0'02 mol.) was 
dissolved in a c e t o n i t r i l e ( 1 0 0 cm )and nitrogen gas bubbled through for 0'3hr. 
The solution was s t i r r e d and.cooled to 2*. Paraformaldehyde(0"8g;0'03 molO 
was suspended in more a c e t o n i t r i l e ( 1 0 cm^)and aqueous benzyltrimethyl-
3 
ammonium hydroxide(l'5 cm )added. This suspension was then added slowly 
to the methyl 2-chlorofluorene-9-carboxylate s o l u t i o n . A f t e r 5 minutes 
the reaction was stopped by adding concentrated hydrochloric a c i d ( l ' 5 cm^; -3 3 11*6 mol.dm ) and the solution poured into water(500 cm ) . The product 
3 3 was extracted with e t h y l acetate(2 x.lOO cm ),washed V7ith water(2 x 100 cm ) , 
dried and f i l t e r e d . The f i l t r a t e was evaporated to dryness and the s o l i d 
product r e c r y s t a l l i s e d twice from petrol(80-100** f r a c t i o n ) to give pale yellow 
c r y s t a l s of pure methyl 2-chloro-9-hydroxymethylfluorene-9-carboxylate 
(2-2g;45%),m.p. 116-117**. Found: "'"^ '/e 288;C,66-37;H,4-54;C1,12-31; 
C^^H^^CIO^ requires °^/e 288;C,66-5;H,4-50;Cl,12-3%, V max.3380(0H), 
1730(C=q),1445(OH),1240(0-0),1080,104O(C-O,C-C),74O(C-Cl,C-C aromatic) 
t 6*4,4H,singlet(CH2);centre 6-2,2H,complex m u l t i p l e t (CH2,J=7 Hz and 
11 Hz pattern obscured by CH. at 6*4); 4*5,IH, t r i p l e t ( O H , J ^ , - = 7 Hz, 
CHz 
disappears on D2O a d d i t i o n ) ; 2*4,7H,complex multiplet(Ar-H). °* /e 
288(29),260(34),258(100)226(43),223(36),201(34),200(26),199(97),198(31), 
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APPENDIX 1 
BIOLOGICAL SCREENING RESULTS 



















































TABLE 2 : PHASE I P0ST-E>1ERGENT HERBICIDAL SCREENING RESULTS 
75 
Compound Dose rate (kg.ha"^) 56 11.2 
* FWLROMz PMLROMz 





80 575223 223110 
79 797866 466322 
81 335222 -
82 555655 -
85 • 000000 -
83 222020 -
84 000000 -
89 386784 023200 
90 ' ' - 488753 
93 221112 -
94 - 454222 
95 - . 476431 
97 - 788875 
99 - 132101 
•* for key see p.77 
TABLE 3 : PHASE I PRE-PIERGENT HERBICIDAL SCREENING RESULTS 
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Compound Dose Rate (kg.ha"^) 5.6 2.8 









8 3 5 6 8 7 3 0 0 4 0 0 
C M Co T F Ca W B Wo Bl By Cr R 
8 8 7 9 8 8 7 7 9 9 9 9 -
6 3 5 6 5 4 1 0 0 3 0 0 -
6 7 4 5 4 3 2 2 2 5 1 2 2 
8 7 5 8 8 6 6 5 6 8 4 7 -
TABLE 4 ; PHASE 2 PRE-E>1ERGENT SOIL INCORPORATION TESTS 
2.8 1.4 
*C M Co T F Ca W B Wo Bl By Cr R C M Co T F Ca W B Wo Bl By Cr R 
8 5 6 8 8 6 6 4 6 8 3 7 - 7 5 5 7 8 4 2 2 3 7 3 4 -
2 3 3 5 3 2 - - - 1 3 3 4 2 1 - . - - - - -
5 2 1 4 3 2 1 1 1 3 1 1 1 
7 5 5 7 8 4 2 2 3 7 3 4 -
TABLE 5 : PHASE 2 PRE-E^tERGENT SOIL SURFACE SPRAY APPLICATION TESTS 
P m Peas C - Chickweed Wo « Wild oat 
M Mustard Co Cotton B l S3 Blackgrass 
L Linseed T ts Tomato By « Barnyardgrass 
R c Ryegrass F a Fathen Cr B Crabgrass 
0 B Oats Ca a Carrot 
S S3 Sugarbeet W m Wheat • 
F sa French bean B «B Barley 
** Scores from 0 - 1 0 r e f e r to tenths of the sample k i l l e d (see Appendix 2 p .8o) 
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APPENDIX 2 
HERBICIDE SCREENING METHODS AS USED BY FISONS LIMITED 
Routine Phase I t e s t s 
A i l plants are grown under the a r t i f i c i a l environment of 
controlled temperature rooms. Light i s provided by banks of 5 foot, 
80 watt 'Ecko* white semi-reflector fluorescent tubes giving a l4 hour 
l i g h t period i n 24, controlled by a time clock. The a i r temperature i s 
maintained at 20*^ 0 - 1° with a ' F r i g i d a i r e * cooling system. I n d i v i d u a l 
plant containers are inspected d a i l y and top watered where necessary. 
Rapid growth ra t e s f a c i l i t a t e experiments of 3 weeks duration from sowing 
to assessment, only phase I I experiments are normally l e f t longer. 
Species : Peas - Pisum sativum c u l t i v a r Onward 
(Post-emergent) 
Mustard - Sinapis alba 
Linseed - Linum u s i t a t i s s i mum 
Ryegrass - Lolium perenne c u l t i v a r VTesterwolthe 
Sugarbeet - Beta v u l g a r i s c u l t i v a r Shai-pe's Klein E 
Oats - Avena s a t i v a c u l t i v a r Condor 
French bean- Phaseolus v u l g a r i s c u l t i v a r Canadian 
Wonder 
(Pre-emergent) Maize - Zea mays c u l t i v a r White Horse Tooth 
replaces French beans are omitted. 
Sugarbeet; 
A l l species are grown i n John Innes I potting compost. French 
beans are sown 3 per 3| inch B.E.F. growers pot and thinned to 2 healthy 
plants immediately p r i o r to spraying. The remaining species are sown i n 
7 X 3 X Zi inch Prestige 'Ovenglo* l o a f t i n s of anodised aluminium. The 
seed i s sown i n 2 row, 1 along each si d e of the pan, each species i n a 
separate pan pre-emergent but post-emergent they are sown in p a i r s - Peas 
with Oats, Mustard with Ryegrass and Linseed with Sugarbeet. Larger seeded 
species are counted out - Peas 8, Oats 10, Maize 6 and Sugarbeet 15 ( c l u s t e r s ) 
per row, smaller species are measured out by volume giving approximately 
43 Mustard, 45 Linseed and 6? Ryegrass. 
78 
Post-emergent technique - Candidate h e r b i c i d e s are normally 
applied at r a t e s equivalent to 11.2 kg i n 900 l/ha using the laboratory 
turntable sprayer. I f the chemical i s i n short supply i t i s applied at 
the micro rate of 2.8 kg i n 450 l/ha. Formulation i n order of preference 
i s as a water solution, sodium s a l t or hydrochloride, aqueous suspension 
or aqueous acetone s o l u t i o n . L i s s a p o l NX i s added as a wetter to a l l but 
the acetone formulation. 
French beans are sprayed 7 and the remainder l4 days a f t e r 
sowing with assessment l4 & 7 days l a t e r r e s p e c t i v e l y . Damage i s 
v i s u a l l y assessed on a s c a l e 0 B no damage, 100 c complete k i l l and 
normally represents the mean of two a s s e s s o r s ' opinions, plus i f 
necessary weighings or other measurements. 
Pre-emergent - To economise i n chemical usage, avoid solvent 
phytotoxicity and f a c i l i t a t e formulation, compounds are formulated as a 
dust by grinding i n a mortar and p e s t l e with a t t a c l a y and sand, then 
incorporating into the potting compost immediately pre-sowing. The 
i n i t i a l dosage rate i s 56 kg/ha but micro i t i s only 11.2 kg/ha on h a l f 
the number of plants - 3 pans, 2 species/pan. Assessment i s 3 weeks 
a f t e r sowing as with post-emergent. 
Phase I I t e s t s 
Active compounds are re t e s t e d at lower r a t e s e i t h e r on the same 
species or an extended range including weeds, mono and/or dicotyledons 
depending on i n i t i a l a c t i v i t y . In post-emergent t e s t s e r r a t i c a l y germinating 
weeds are s e l e c t i v e l y transplanted to provide uniform populations. Compounds 
a c t i v e pre-craergent at 2.8 kg/ha are re t e s t e d at the same r a t e but as l i q u i d 
formulations sprayed onto the s o i l surface instead of incorporated. 
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S t e l l a r i a media 
M a t r i c a r i a and Tripleurospermum spp 
Galium aparine 
Polygonum p e r s i c a r i a 
Chenopodium album 
Gossypium sp. 
Lycopersicon esculentum c u l t i v a r 
Moneymaker 
Daucus carota spp. s a t i v a s c u l t i v a r 
Chantenay 
Triticum aestivum c u l t i v a r Jufy 
Hordeum vulgare c u l t i v a r Proctor 
Avena fatua 
Alopecurus myosuroides 
Echinochloa crus g a l l i 
D i g i t a r i a s a n g u i n a l i s 
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Key to Herbicide Data Tables 
Phase I 
Post-emergent Tests 
1. Species : 
PEA = Pi sum sativum - pea 
MST = Sinapis alba - mustard 
LND c Linum usitatissimum - l i n s e e d 
RY/ = Lolium sp. - ryegrass 
BU* r= Fagopyrum esculentum - buckwheat 
( a l t e r n a t i v e species to ryegrass i n e a r l i e r screening 
t e s t s - i f used the a c t i v i t y value i s followed by an 
a s t e r i s k *) 
SGR = Beta v u l g a r i s - sugarbeet 
OT/ e Avena s a t i v a - c u l t i v a t e d oat 
BA* B= Hordeum vulgare - barley 
( a l t e r n a t i v e to oat i n e a r l i e r screening t e s t s - indicated 
by an a s t e r i s k *) 
A l l plants possess 1-2 true leaves at time of spraying 
2. Rates : the dosage r a t e s used i n kg/ha are indicat e d above the groups 
of species, i . e . 11.2, 5-6, 2.8, 1.4, 0.7- The compounds are normally 
applied i n 90O ]/ha at the 11.2 kg/ha r a t e the remainder are applied i n 
450 1/ha. (11.2 kg/ha = 10 lb / a c r e : 900 l/ha « 80 ga l / a c r e . ) 
3. A c t i v i t y l e v e l s 
Seven days a f t e r a p p l i c a t i o n of the compound to the young growing 
pl a n t s l i s t e d i n 1. above an assessment of damage made to each species and a 
score value a l l o c a t e d where O = no damage - i . e . compound i n a c t i v e - to 100 : 
complete k i l l . These a c t i v i t y scores are shown for each plant species f or 
a l l dosage r a t e s tested. In addition the mean score f o r a l l s i x species i s 
given. The in d i v i d u a l and mean score values are indica t e d by the following 
f i g u r e s : -
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0 s: score value was 0 - i»e. t o t a l l y i n a c t i v e 
1 a h e r b i c i d a l score i s between 1 and 9 
2 « »^ " " " lO and 24 
3 « " ti It It 25 -and 34 
4 « " " " 35 and 49 
5 « " " " " 50 and 64 
6 « " " " 65 and 74 
7 « " " " " 75 and 84 
8 B " " " " 85 and 94 
9 c: " " " 94 - i.e. . highly a c t i v e 
N.B. value followed by * i n d i c a t e s that the f i g u r e quoted r e f e r s to the 




1. Species : 
PEA c P i sum sativum - pea 
MST 8 Sinapis alba - mustard 
LND S5 Linum usitatissimum - l i n s e e d 
MZE c 2ea mays - maize 
OT/ n Avena s a t i v a - oat 
BA* R Hordeum vulgare - barley 
( a l t e r n a t i v e species to oat i n e a r l i e r screening t e s t s -
indicated by an*) 
RYE «5 Lolium sp. - ryegrass 
2. Rates : the dosage r a t e s used kg/ha are indicated above the groups 
of species, i . e . 561 11.2, 5*6, 2.8, 1.4 and 0.7* The compounds are 
normally thoroughly mixed in the s o i l p r i o r to sowing the seeds. 
3. , A c t i v i t y l e v e l s 
Twenty one days a f t e r planting the plants are assessed f or the 
pre-emergent a c t i v i t y on a 0 to lOO score - as in post-emergent t e s t s . 
These a c t i v i t y scores for each species are abbreviated a s i n the post-
emergent t e s t s as follows:-
0 K score value « 0 - i . e . t o t a l l y i n a c t i v e . 
1 R score value i s between 1 and 9 
2 R " " " " 10 and 24 
3 « " " " " 25 and 34 
4 R " " " 35 and 49 
5 <= " " " " 50 and 64 
6 = " " " " 65 and 74 
7 = " " " " 75 and 84 
8 = " " " " 85 and 94 
9 «= " - " " >94 
N.B. value followed by * i n d i c a t e s that i t r e f e r s to the a l t e r n a t i v e 
s p e c i e s . 
. 83 — 
Phase I I 
Pre- and Post-emergent t e s t s 
Post-emergent 
Species CHICKWD = Chickweed 
REDSHNK m Redshank 
CORN-M B Com marigold 
W-OAT » Wild oat 
BLCK-GR s Blackgrass 
BARN-GR B Bamyardgrass 
CRAB-GR = Crabgrass 
The remainder of the species have not been abbreviated and 
a c t i v i t y l e v e l s are as i n phase I t e s t s . 
Pre-emergent s o i l mix and surface a p p l i c a t i o n t e s t s 
Abbreviations as i n post-emergent t e s t s above. 
Mode of Action 
I n addition to recording the h e r b i c i d a l scores for each species 
a t the range of dosage r a t e s used a b r i e f i n d i c a t i o n of the mode of 
act i o n i s given on the right-hand column of the phase I print-outs under 
the heading of "Symptoms". 
These q u a l i t a t i v e d e s c r i p t i o n s of the mode of action are given 
a s a s i n g l e l e t t e r code as follows:-. 
Post-emergent a c t i v i t y 
S R indicated >'2k% contact damage or scorch occurred. 
G cz indicated >24% growth i n h i b i t i o n occurred. 
N B indi c a t e s a n e c r o t i c e f f e c t observed. The presence of t h i s 
symbol implies a systemic e f f e c t . 
F = indicates that shoot formative e f f e c t s observed, e.g. l e a f 
cockling, epinasty, a p i c a l deformity, v e s t i g i a l or abnormal 
l e a f shapes ("hormone e f f e c t s " ) . 
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C = i n d i c a t e s that a marked change i n the plant's pigmentation 
vas observed - e.g. c h l o r o s i s (as with amino t r i a z o l e ) or 
reddening of f o l i a g e . The yellowing sympton which-is a 
k-
precursor of n e c r o s i s i s not recorded. 
^- • -
A » i n d i c a t e s a b s c i s s i o n i n t e r p r e t e d as detachment of l e a v e s 
before or during assessment f o r whatever reason - scorch, 
y 
n e c r o s i s or formation of an a b s c i s s i o n l a y e r , ^ . 
T S3 i n d i c a t e s >2496 growth stimu l a t i o n occurred or a marked 
increase i n l a t e r a l bud development or t i l l e r i n g . 
Stimulation of l a t e r a l buds r e s u l t i n g from a removal of 
the a p i c a l meristem by scorch e t c . i s not recorded. 
W n i n d i c a t e s c u t i c u l a r abnormalities observed, e.g. wax 
reduction or glossy f o l i a g e (as with TCA). 
R R i n d i c a t e s a v i s i b l e root response whether stimulation, 
i n h i b i t i o n , deformity, d i s c o l o u r a t i o n or any other e f f e c t . 
Pre-emergent a c t i v i t y 
I R I n d i c a t e s >24% germination i n h i b i t i o n observed. 
The other symbols are i d e n t i c a l i n meaning to those i n the 
post-emergent t e s t s except that the 'S' symbol does not appear. 
A l l the above symbols are not r e l a t e d i n the phase I print-outs 
to any p a r t i c u l a r species and they may r e f e r to any one or a l l . Simple 
inspection of the h e r b i c i d a l index w i l l often enable a symptom to be 
r e l a t e d to an i n d i v i d u a l species. 
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